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this relume presents that part of the Manhattan Biitriet History 
which deals with ths technical act iritis* ef Project *T" # the Lee Alamos 
Project, from its ineoptiea until August 1946. It was written by Br* Berid 
Hawkins, * member of the technical staff ef the Let Alamos Laboratory during 
nearly the whole ef that parted. 

The treatment and method ef writing ef this technical part ef the 
history, which dealt primarily with the derelepaeat and production ef the 
atomic bomb itself* differ from those ef ether port lone ef the Manhattan 
District Histerji this has resulted parti/ from dlff erenees in the nature 
ef the Les Alamos Project and In the manner in which it was fitted into the 
Manhattan District organisation and partly from the fact that its technical 
author was not required to eenf orm fully to the methods usually prescribed 
for ether writers, t e seme extent the form ef the relume fallows the example 
sst by Br. I. P. Smyth in writing the Smyth Report. The relume hat been 
subjected to a minimum ef editing, ether than that which was ably performed 
by Br. Hawkins himself, and in order te reduce the amount ef editing as 
much as peesibls the mechanical features also (for example, the chapter, 
paragraph and page arrangements) hare net been altered to conform to the 
usual standards ef the Manhattan Blstriet History as a whole. 

It is believed that eren the non-technical reader will find tho 
faithful portrayal of problems and erents from the scientist's point of 
riew, and the simple, mostly non-technical, do script Ions ef the brilliant 
accomplishments cf the Laboratory, ef absorbing interest. 

Tho continuation of the technical history of tho Los Alamos Project, 




from August 1945 until 31 December 1946* when the Manhattan District 
relinquished itp controls will be f (mad In the "Supplement* to thin rolme. 
The supplement, written by ethers, fellow In general the same methods of 
writing and the ease meehanloal arrangements as this volume, so that there 
is the least disturbance of the continuity of the whole. 

The non-scientific part of the *T" Project, from Its Inception 
through 1946, is oorered by Volume 1 of Book Till, "General f # 

Volume S of this book covers certain "Auxiliary Act 1t1 ties' 1 of the 
Los Alamos Project* including the Los Alamos Procurement Office, Oamel 
Project* Activities of Ohio State Cryogenic Laboratory, Dayton Project, 
Navy Participation, and a number of others. 

October 1946 
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P REFACE 

Project Y, the Los Alamos Project, has been one of a group of organ- 
izations known collectively as the- Development of Substitute Materials project, 
devoted to the wartime development of the atomic bomb. Ihis branch of the DSM 
organisation was created early in the year 1943. During the period of its 
existence it has been the center of activities connected with bomb development 

and production, as distinguished from the development and production of nuclear 

*, 

explosive materials. 

The history of all DSM activities possesses a peculiar interest and 
importance, not only because of the remarkable achievements and potentialities 
of nuclear technology, but also because of the wartime character and motivation 
of its initial development. Because of its large social cost, a scrupulous 
accounting of the entire venture is evidently required. Froject Y has been, of 

* 

* itself, small compared to the other DSM projects. It has, however, occupied 
a crucial position. The wartime success of the entire undertaking has 
depended upon its success. 

The nature of the present chronicle of Los Alamos is thus determined 
by the requirement that there exist a careful accounting of its technical, 
administrative and policy-making activities. This document is a record* not 
an interpretation^ of events, Within the limitations thus implied, however, 
it has net been forgotten that the events recorded have taken place within a 
wider context, the evolution of organised scientific research and of world 
technology. The problems of organization and policy that lie here, sharpened 
by the advent of control over nuclear energies, will call for the most 

•searching interpretation and analysis. It is hoped that in this record of fact 



nothing has been omitted or slighted that nay be of interest to those who 
s^ek 1 ifc;ht upon questions still to be answered* 

Another 1 imitation is inherent in the nature of an official record. 
* 

This is the necessary omission of many subjective factors. The success. of so 
ocroplex and uncertain a venture as Los Alamos depends upon its ability to 
extend knowledge of the explicit and publicly accountable sort at which science 
aims* But this ability depends, in turn, upon an accumulation of experience 
and skill in technical and human affairs inseparably connected with the qualities, 
and even the vagarie3, of personality. Tihat appears in retrospect as a natural 
unfolding of possibilities acquired this appearance only through the interaction 
and on occasion the clash of opinion, in an atmosphere dominated by the 
problematic and tne uncertain- The omission is inevitable in an account which 
must itself be based upon objective evidence 4 

It is, however, proper to state here the writer's belief that these 

uecessary omissions do not seriously distort the picture, as they would if 

i 

important occurences and tendencies were not objectively justified. That the 
pattern of development is so largely a rational one is a tribute to the unity 
of purpose of all concerned* admin iatrators and scientists, civilian and military* 
A large share of the credit that tnis has been so must be given to the 
Director, Dr. Oppenheimer^ not only for his general leadership, but also more 
specifically because he understood the necessity for unity and sought in every 
way to foster it. 

The reader will observe from the table of contents that the history 
cf Los Alaoior. has been divided into two periods, the first extending to August, 
lyhkp and the second from August 19^+ to August 19^» This division does not 
correspond to any major break in the continuity of the Laboratory's work, although 



"i 



it does corr.e at the time of an extensive administration reorganization, Th<3 
real purpose of this division is to permit some chance to summarize and conrect 
activities which, although constantly interrelated • in practice, must be written 
about in separate chapters. And although nc distinct separation into phases 13 
possible, the date chesen marks as well as any the transition at Los Alamos from 
research to development, from schematise t ion to engineering. 

At this place I wish to acknor; ledge the assistance I have received 
from many mei.bers of the Los Alamos Laboratory. In particular I wish to thank 
the following: *.'ajor J. A. Aclcerman, o. K, Allison, E. Anderson, K# T. Bainbridge, 
C. L. Critchfield, f„ Duffield, A. C. Graves, E. Graves, L. H. Hempelmann, 
T/4 A. U. Henshey, V.. I. Wilier, E. Morrison, P. Morrison, N. K. Ramsey, F. Reines, 
Mijor Palph Carlisle Jmith, and I:. Taschek. These persons have materially helped 
me in gathering data, in drafting various sections of the report, or in extensive 
criticise of earlier drafts. I wish especially to thank Emily Morrison and 
Prise ilia Duf field for ingenious researches in the records of an organization 
that was frequently too busy to be concerned with posterity. Mr*. Morrison 
has prepared the graphical material, has drafted several of the chapters, and 
has given invaluable general assistance. Finally it must be made clear that all 
errors of fact in this record are the sole responsibility of the author* 

David Hawkins 

August 6, 19 '4 6 
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INTRODUCTION 
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1.1 IXiring the early period of the DSM Troject the most urgent 
requirement was the large scale production of nuclear explosives* There could 
be no atomic bomb without usable amounts of fissionable materials. Both the 
separation of U^35 m $ the production of Pu 2 ^ presented major scientific and 

f 

industrial problems. Until these problems were on their way to solution, there 
was little need or time for detailed theoretical or experimental work on the 
mechanism of the nuclear explosion* This work had in fact not progressed very far 
beyond what was needed to show the probable feasibility and effectiveness of the 

fission bomb as a weapon for the present war* By the middle of 1942, however, it 

» 

had become clear that the scientific and engineering problems connected with the 

development of such a weapon and its use in combat called for early and intensive/ 

■ 

effort* At this time overall responsibility for the physics of bomb develops* nt 

had been given to the Metallurgical Laboratory of the University of Chicago* 

■ 

This organisation was geared, however, to its own problems, and in particular to 
the development o^ the slow neutron chain reaction as a source of plutonium* 
tfork on fast neutron chain reactions, looking toward bomb development, was going 
4>n, but largely under various sub-contraotors of the Metallurgical Laboratory. 

I «• V — 1 Am 

* 

1*2 The first- step toward a more concerted program of bomb development 

. was the appointment, in June 1942, of J. R* Oppenheimer from the tEnivorsity ef 

i 

California as Director of this branch of the work* Although associated with the- 
- Metallurgical laboratory* Oppenheimer carried on his work at th* University of 
California with a small group of theoretical physicists. In his coordination of 
the experimental work on fast neutron physics, he was assisted by J # K* Man ley 
of the Metallurgical laboxatory, and later by E. U. MeHlAlan, who joined his 
group in Berkeley. flrOftrT/BD 



1#3 late in June, a conference was called in Berkeley to discuss the 
theory of the bomb and plan work for the future. Present at this conference were 

- 

Cppenheimer, J. H. Van Vleck, R. Serber, E# Teller, E. J. Konopinski, S. P. Franke] 
H. A, Bethe, E. C. Nelson, F. Bloch. A considerable part of the discussion was 

♦ 

devoted to a new type of explosive reaction that had been considered by Teller,, 
a thermo-nuclear reaction in deuterium. (1*47) There was some discussion of the 
theory of the shock-waves produced in the chain reaction explosion, on the basis 
of work that h£d been done by Bethe and Van Vleck* Another topic was the damage 

Ik 

to be expected in terms of energy-release. This was discussed largely in a 
qualitative way, by scaling up from small explosions and by comparison with such 
disasters as the Halifax explosion* At this conference, there was a thorough 
review of theoretical and experimental work that had been done. By this time 
enough information was available so that there were no large gaps in the picture. 
Rough but qualitatively reliable data were available from work that had been done 
under Metallurgical Laboratory contracts; a good deal of relevant information had 
been obtained from British sources, from work done by Pelerls, j^ch g^ Davieeon, 
and Dirac. British theoretical results were also available. Although a fair 
part of the discussion at the conference was not Along what subsequently turned 

* ♦ 

out to be the main line of development, it served to clarify basic ideas and I 
define basic problems. It also served to make clear that the development of the 

fission bcmb would require a major scientific and technical effort, 

/' 

1*4 Following the summer conference in Berkeley there were a number of 
conference* in Chicago with experimentalists. At this time a number of sub-contracts 
had already been let by the University of Chicago, for the purpose of pursuing the 
investigation of nuclear properties relevant to bcmb designs. A loose organisation 
was^ formed, including the sub-projects at Rice Institute, The Department of 
Terrestrial Magnetism of the Carnegie Institution of Washington, the University of 
Wisconsin, the University of Minnesota, Purdue University, Stanford University, 
Cornell University, the University of Chicago, and the University of California. 



1.5 By October of 1942, it had been decided that the magnitude of the 
difficulties involved made necessary the formation of a new project. Kven the 
initial work of providing nuclear specifications for the bomb was seriously 
hampered by the lack of an organisation united in one locality; it was clear that 
without such an organization the ordnance work would be impossible* 

f 

i 

LOCATION 

1.6 The site of Project Y was selected in November of 1942* It was 
the Los Alamos Ranch School, located on an isolated mesa in the Fajarito Plateau 

■ 

by highway about 40 miles north and west of Santa Fe f New Mexico. The reasons for 
the selection of such a site are of some interest, and throw light on the character 
of tho new project. First, there would be need of a large proving ground, with * 
a climate suitable for outdoor work in winter. Second, the site would have to be 
remote from both seacoasts and the possibility - at that time not negligible - of 
attack. Locations might have been found which satisfied these requirements but 
were more accessible. The inaccessibility of Loo Alamos, however, would not have 
created serious problems for a small project, such as this was lit ended t<£ be. 
Its subsequent growth to many times its original size was not foreseen. In the 
light of the military security policy whicfc prevailed at the time, inaccessibility 
was a deciding factor in favor of this location* 

1.7 During the year 1942, steps were taken to transfer the entire DSM 

* i > 

Project from the auspices of the Office of Scientific Research and Development to 

that of the Manhattan District. The highest degree of secrecy had to be maintained 

throughout the entire program? the new sub-project, moreover, was to be its most 

i 

secret part* The need for an unusual degree* ©f isolation was supported by two* 
considerationst The first was inaccessibility from the outside, From this 
standpoint the location chosen was excellent* Access from the direction of 
populated areas is made difficult, except along certain roads and canyons, by a 
line of cliffs that mark the eastern edge of the Pajarito Plateau. The second 



consideration was the geographically enforced isolation of project personnel, 
which would minimize the possibility that secret information might diffuse 
outward through social and professional channels. 

1,3 The choice of a site, determined by the considerations suggested 
above, was not the responsibility of the Project Director or his staff. Their 
views, nevertheless, had a bearing on the selection, and served to strengthen 
in the minds of the military authorities the arguments for isolation. The 
task that confronted the project was not one of development and engineering 
in the ordinary sense* It was one of intensive and highly organised research 

* 

in a region that had. been >only schematically explored* It required 
collaboration of physicists, chemists, metallurgists, and engineers in 
solving difficult problems, many of which could not even be anticipated until 
the work was well under way. The need for collaboration was made emphatic by * 

*. 

the imposition of a definite time-scale t The bomb had to be ready for production 
by the time usable quantities of nuclear explosive became available* To carry out 
such a program successfully would require the highest kind of integration and 
therefore of decentralisation and mutual confidence. To this end, • free 
conmunicatiottrfrithitt the laboratory is indispensable. 

I . . L ml.* * " ■ ~r ■ !,. ' f , * ' ' • 

it* 

1.9 In 'contrast' with the requirements of scientific organisation, as 

* *• ■ 

felt and stated by ih# scientific staff members, the normal military procedure 
for protecting secret Information is one of subdivision. Each individual or 
working unit has access only to info mat ion immediately relevant to the work being 
pursued. This conflict of scientific and military requirements is, of course, 
not* peculiar to nuclear research. Many members of the potential scientific 
staff were, or had been, engaged in other war research, and were from previous 
experience convinced of the evils of obstructing the normal flow of information 

within a laboratory. They were vigorously opposed to compartmentaliasatlon. 

t 

Clearly, however, no alternative was acceptable which did not in some way satisfy 



the security requ.ireir.ents of the military authorities. Evidently these 
requirements could be met by allowing internal freedom and imposing instead 
more severe external restrictions than might otherwise appear necessary, Th-« 
adoption of such a policy made necessary, the choice of an isolated location for 
the project. 

ORGAN IZATION 

1.10 The Los ALamos sit**, together with a large surrounding area, was 
established as a military reservation. The community, fenced and guarded, was 
made an army post. The laboratory, in turn, was built within an inner fenced and 
guarded area, called the "technical Area'*. Both the military and technical 
administrations were responsible to Major General L. R. Groves, who had overall 
executive responsibility for the work. The Commanding Officer reported directly 
to General Groves, he was responsible for the conduct of military personnel, the 
maintenance of adequate living conditions, prevention of trespass, and special 
guarding. Oppenheimer, as Scientific Director, wa3 also responsible to General 
Groves s who had as his technical advisor J. 3. Conant. In addition to his 
technical responsibilities, the Director was made responsible for the policy and 
administration of security. This provision represented a guarantee that there 
would be no military control of the exchange of information among scientific staff 
members, and at the same time fixed responsibility for the maintenance of security 
under these conditions. In carrying out his responsibilities for security, the 
Director was to be given the assistance and advice of a Military Intelligence Office* 

1.11 The financial and procurement operations of the Project were 
handled by the University of California as prime contractor. During the early 
period of operations, when these had largely to do with the employment of 
personnel and establishing a procurement office, the University acted under a 
letter of intent from the CSRD, effective as of January 1, 1943 • This letter- was 
in turn superseded by a formal contract, W7405-ENG»36, effective April 20, 1943, 
with the Manhattan Engineer Sis fcs ict of the 'Var Department. ( Appendix 7 , No. 1 ) , 
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This contract, with subsequent supplemental agreements, had been the formal basis 
of the Project's operation throughout the rest of its history. 

1.12 The financial operations of the University at Los Alamos were 
provided for by the appointment of a resident Business Officer, J. A, D. Muncy. 
The procurement of raaterials was arranged through a dual organization. In 
addition to the procurement division of the Project, the University established 
in Los Angeles a special purchasing office. This arrangement was dictated 
primarily by reasons of security* It might be possible to determine both the 
nature and progress of the work from a knowledge of the nature and volume of 
its procurement operations. According to the procedure established, goods 
ordered through the Los Angeles office were received there and transshipped to 
Los Alamos. The procurement offices at the site were placed under the direction 
of D. P. Mitchell* Mitchell had for many years been in charge of laboratory 
procurement for the Physics Department of Columbia University, and most recently 
for a National Defense Research Council project at that Uni-ye rsity. 

1.33 A statement of the responsibilities of the military and 
, contractor organizations, and a directive outlining the scope and purpose of 
Project Y, were set forth in a letter to Oppenheimer dated February 25, 1943* 
from General Groves and Conant. This letter contains also a statement of 
intention concerning the future organization of the project. According to this 
statement it was anticipated that the Froject would remain an organization of the 
OSRD type during the first period of its operation, when it would be engaged 
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mainly in nuclear research. During a later period of operation, when <the project 
would be involved in the dangerous work of bomb development and assembly, it 
would be conducted on a military basis, with opportunity for its civilian staff, 
members to be commissioned as officers * This anticipated reorganization proved 
unnecessary. Difficulties that had been expected with the initial form of 
organization did not Jn fact appear, and the plan was dropped. 
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INITIAL I-ERjOHNEL. MATERIAL, CCIi.-iTRUCTICN 

l*lk The problem of personnel for the new organization was a 
difficult one. .York began at a time when the scientific resources of the 
country were already fully mobilised for other war work; -many persons who would 
have been willing to join the project had other commitments which could not bt 
broken. The nucleus of organization came from the groups that had been engaged 
in fast neutron work under Oppenheimer, and who transferred their work and 
equipment to Los ALimos, A nurJber of other Individuals and groups were released 
to come, in part through the assistance of Conant as Chairman of the NDRC* The 
greatest difficulty encountered was that of obtaining an adequate staff of 
technical and administrative employees, who also came mainly from occupational 
groups fully employed in war work. Here, moreover, the disadvantages of isolation 
and restriction weighed heavily, disadvantages largely overcome among the 
scientific staff by their interest in the work and recognition of its importance. 

1,15 The principal groups and individuals who made up the initial 
scientific personnel are given below: Among those who had worked under Oppenheimer 
in the preceding period were: From the University of California, Robert Serber, 

E. Um McMillan, and others of Oppenheimer 's group, E. 3egre, J. .'.V. Kennedy and 
their groups; from the University of Minnesota, J. H. Williams and group: from 
the University of Wisconsin, J. L. McKibben and group; from Stanford University, 

F. Dloch, H. H. Staub and group; from Furdue University, M. ^* Kolloway and 
s$roup» Among those who came from other parts of the DS3*. project, or from 
unrelated activities were: From the Radiation labors cory of KCassachusetts 
Institute of Technology R, F, Bacher and H» A „ Bet he; from the Metallurgical 
Laboiatery of the University of Chicago, Edward Teller, R. F. Christy^ 

D. K,, Frcraa.n, A. Graves, J. K. Manley and group; froia Princeton University, 
R. R. <V;l.lson and group, J, E. MacK, and H. Y. Feyrunan 3 from the University of 
Rochester, V. F* Weisskopf ; from the Bureau of Standards, 3« Neddermeyer; 







from the Ballistic Research Laboratory at Aberdeen, D. R. Inglis; from the 
/ university of Illinois, D. A m Kerst; from Barnes Hospital, 3t. Louis, Dr. L. H, 

f Iempelmann; from Memorial Hospital, New York, Dr. J, F» Nolan; from the National 
Research Council, C. 3, Smith; from //estinghouse Research laboratories, E. U« 
Condon; from Columbia University, E. A. long; from the Geophysics Laboratory, 
Carnegie Institution of Washington, C. L. Critchfield. Many of these individuals 
were on leave from other Universities having accepted temporary *&r«iime 
assignments in the above listed institutions • 

1. 16 In the procurement of laboratory equipment, machinery and 
supplies, there were also difficulties and delays. Even a specialised laboratory 
requires a great variety of materials and equipment; as a going concern any 
laboratory depends in large measure upon the accumulation of its past, in 
stocks and in equipment that can be converted to new uses. Even though much 
material had been ordered in advance, procurement channels were at first slow, 

^ being indirect and newly organized, 

1.17 Certain specialized equipment was brought to the project by the 
groups that were to use it* The largest single item was the cyclotron on loan 
from Harvard University. Before coming to Los Alamos, the Princeton group under 
R. R. tfilson had gone to Harvard to become familiar with the operation of thia 
cyclotron and to disassemble it for shipment. IteKibben's group brought with 

them from the University of Wisconsin two Van do Graaffs (.electrostatic generators), 
Manley's group brought the Cocker oft- ;/a It on accelerator (D-D source) from the 
University of Illinois. The Berkeley group brought chemical and cryogenic 
equipment;, and ail groups brought specialized electronic and miscellaneous 
apparatus. Because ot this initial equipment, work was able to begin at Los 
Alamos much earlier than would otherwise have been possible. 

1.1*5 The initial plan of tl".e laboratory was drafted by Oppenheimer, 
v Hanley and McMillan* It provided for an expected scientific staff of about 

one hundred j, and a somewhat larger total number, including administrative ^ 




tec 'mica 1 and shop employees. The laboratory as planned contained the 

■ 

following buildings: Building T, an office building to provide space for the 
administration, for the theoretical physics group, for a library, classified 
document vault, conference rooms, a photographic laboratory, and a drafting 
room; Building U, * general laboratory builriing; Building V, a shop building; 
Buildings X, T and Z, specialized laboratory buildings for the Van de Graaffe, 
cyclotron, cryogenic laboratory, and Ccc kc roft~Wa It on accelerator, respective ]y, 
(See Appendix 6)* 

1*19 Oppenheimer and a few members of the stuff arrived in Santa Ft 
on Ma rch 15* Prior to this tine the project had been represented locally 

by J* H. Stevenson, a resident of Santa Fe* Construction work was incomplete. 
The laboratory buildings were stll]. in the hands of the construction contractors, 
as was the housing that had Wen planned to accommodate Project and U, S» Engineer 
personnel. For this reason the first Project Office was opened in Santa Fe. 
Since it was undesirable for reasons of security to house the staff in Santa Fe 
hotels, guest ranches in the vicinity were taken over temporarily, and transportation 
arranged to the site, While the project office remained in Santa Fe, J, H» Will jams 
lived at the site as acting site director, 

1*20 There is no doubt that the Laboratory staff and their families 
faced the prospect of life at Los AlAnoi with enthusiasm and idealism* The 
importance of their work and the excitement associated with it contributed to 
this feeling, as did the possibility of building, under conditions of Isolation 
and restriction* a vigorous and congenial easnmnity* 

1*21 The actualities of the first months were hard for many te view 
in this light. Living conditions in the ranches around Santa Fe were difficult* 
Several families, many with young children, were often crowded together with 
inadequate cooking and other facilities* Transportation between the ranches and 
Los Alamos waa haphazard despite gr^at efforts to regularize it* The road was 
poor; there were too few ears and none of theia was in good condition. Technical 



workers were frequently stranded on the road with mechanical breakdown rr too 
■rany flat tires . Bating facilities at the site were not yet in operation and 
box lunches had to be sent from Santa Fe. It was winter, and sandwiches were 
not viewed with enthusiasm. The car that carried the lunches was incline-!* to 
break down. The working day was thu3 irregular and short, and night work impossible. 

1 # ?2 Until aid-April, telephone conversations between the site and 
S.inta Fe were possible- only over a Forest Service line. It was sometimes possible 
to shout brief instructional discussions of any length, even over minor matters, 
required an eighty-mile round trip. 1 

1.23 Frictions develeped between the Laboratory members and U.S. 
Engineer staff mainly because. of the slowness of the construction contractor. He was 
unable to get sufficient labor, he had trouble with the building, trades unions, he 
did not procure or install rapidly enough the basic laboratory equipment. Pressure 
to accelerate this work bad to be brought through, and therefore in part against, 

( the military organization. In some cases technical supervisors were forbidden 

to enter buildings until they had been accepted formally by the contracting agency 
(The Albuquerque district of the U.S. Engineer* ) # It was impossible to make 
minor changes, 3uch as the placing of shelves or the direction of a door* the 
buildings had first to be completed and accepted as specified in the original 

i 

drawings. 

1.24 ' The initial problaasa were elementary a«d often enough, in 
retrospect, irinute. The difficulties were heightened by an^administrative arran- 
geiaent which presupposed close cooperation without previous acquaintance between 
two groups of widely divergent background and perspective; namely, the project 
members, and the military organization. Individually and in detail these early 
troubles are of little moment in the history of los Alamo©. Collectively, they 
had effects, some good and some bad, upon the spirit and tone of the emerging 
project organisation,, 




Technical Introduction 

1.25 The project offices were moved to Los Alamos in the middte of 
April; laboratory space and housing became available during April and lv&y« 
Activities during the month of April can be summarized under three topics: 

a) non-technical administrative problem, b) installation of laboratory equipment, 
c) discussion and planning of work. The present section will be devoted to the 
last topic. Topics (a) and (b) will be treated with the period following, to 
which they properly belong. 

THE APRIL CONFERENCES /fyy 
Introduction 

1.26 During the last half of April a series of conferences were held at 
Los Alamos for the dual purpose of acquainting new staff members with the existing 
state of knov/ledge and of preparing a concrete program of research. These 
conferences were attended by the staff which had already moved to the Project, by 

a few others mentioned above who could come permanently only at a later date, and by 
certain consultants who were specially invited* The last were I. I. flabi of the 
Radiation Laboratory, Massachusetts Institute of Technology, S. K. Allison and 
Enrico Fermi of the Metallurgical Laboratory, University of Chicago. All three 
of these men became heavily involved in the work of the laboratory at a later 
time. During the .conference the project was visited by the members of a special 
reviewing committee which had been appointed by General Groves. This cojnsdttoe, 
whose report will be discussed, consisted of iV. K. Lewis, Chairman, Massachusetts 
Institute of Technology; L, L. Rose, Director of Research for the Jones and 
Lamscn Machine Co,; J. H. Van Vleck and ft. 3. .Vilson of Harvard University; and 
R, C, To.lman, Vice Chairman., NDRC, secretary of the committee. Members of the 
cornnittee also took part m the conference,, 

1.27 Immediately prior to the conference a set of lectures was given 
by Serber as a kind of indoctrination course ff (Appendix 7 , No. 2 )* A summary 
of these lectures will provide an introduction and background for understanding 
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t:.e work of the conference. These lectures reflected the state of knowledge 
• it the time. .."ithin the orders of magnitude indicated, and with much greater 
assurance and understanding of detail, they still constitute an adequate statement 
of the nuclear physics background* 
Theoretical Background 

1 # ?# Energy Release « The energy release from nuclear fission is about 
170 million electron volts per nucleus. For U ^ this amounts to about 7xl£) ergs 
per gram. The energy released from an explosion of TNT is about AxlO^ ergs per 
gram. Hence, roughly, a kilogram of is equivalent in potential energy-release 

to 17,000 tons of TNT, 

1.29 Chain Reaction . The large-scale release of energy from a mass 

of fissionable material is made possible by a neutron-chain reaction. In 

fission the nucleus splits into two almost equal parts. These emit neutrons, on 

the average between two and three. Each neutron may, in turn, cause the fission of 

another heavy nucleus. This reaction can go on until it is stopped by the 

depletion of fissionable material, or by other causes. U , the principal 

isotope in ordinary uranium, fissions only under the Impact of high-energy 

(about one million electron volt) neutrons. Neutrons from fission have more 

than this energy initially; a large percentage of them, however, are slowed 

238 

by collisions to an energy below the fission threshold of U . The result is 
that each neutron is the parent of less than one neutron in the next generation 
and the reaction is not self-sustaining. 

23^ 

1*30 Ordinary uranium contains however, about 0.7 per cent of U t 

Neutrons of any energy will cause this isotope to fission; in fact slow neutrons 

are more effective than fast ones. The result is that a chain reaction is just 

possible in the normal isotope mixture or "alloy", if a slowing-down material is 

added, to bring the neutrons do^n to the velocities at which they most effectively 

235 

cause the fission of U . i.t is this chain reaction that is used in the production 
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of plutonium. Surplus neutrons are absorbed, by the U , giving rise to the 
• y 239 

y unstable isotope U , which decays by successive emission of two electrons to 

239 

the end-product Pu ^ . 

1»31 If the percentage of in uranium alloy is increased, a chain 

reaction -becomes possible with faster neutrons. A concentration is thus reached 
at which no special slowing«down or moderating is needed other than what is 
provided by the uranium itself. The fastest possible reaction is obtained from 
pure U 235 . 

1*32 Critical Size, Tamper, Efficiency . In the fast chain reaction, 
occurring in, say metallic 

U235 

or Fu 2 ^, a further limiting factor becomes 
crucial*. In practice only a fraction of the fission neutrons will cause new 
fissions. The rest will leak out through the boundaries of the material. If 
the fraction leaking out is too large, the reaction will fail to sustain itself. 
If we consider a spherical mass of fissionable material at normal density the 
^ fraction leaking out will decrease with increasing radius of the 3phere, until on 

the average the birth-rate of neutrons just compensates for the rate at which they 
escape from the sphere. For a smaller sphere a chain-reaction will die outj 
for a larger one, it will continue and gro»; exponentially. This limiting radius 
i3 called the critical radius f and the corresponding mass, the critical mass . 

1«33 It is intuitively suggested that the critical radius should be 
of the same order of magnitude as the average distance which neutrons travel 
between successive fissions. For fast neutrons this distance of flight is much 
larger than for slow neutrons; it ia in fact about ten centimeters. Because of 
the great cost and limited supply of the materials available ^ it was essential 
to reduce the critical size in any way possible. If the sphere of active 
material were surrounded by a shell of less expensive material, this would 
reflect at least 3oir.e cf the escaping; neutrons back into the sphere, and thus 
decrease the critical mass r iCo.rly calculation had shown that any one of several 
available reflector or "tarrper" materials would give a very substantial reduction 
of the critical nvvju* ^SJSm£SJkS2^^^ fWBfe 




1 *3U Vfhat has been said so far concerns only the static aspect of the 
nuclear bomb. Given a more- tbajn-viritical roass of active material, what is the 
course of the reaction? Once th« reaction is started, the rate of fissioning, and 
hence the release of energy, increases exponentially. From the energy-release 
the material will be heated and begin to expanu . From the decrease in density 
of the active material the path between fissions will increase more rapidly than 
the radius of the expanding mass, and hence more neutrons will' escape. Thus at 
some point the system will become sub-critical and the reaction will be quanched. 
Ihe point at which this quenching occurs will determine the effici ency of the 
explosion, that is, the percentage of active nuclei fissioned, 

1.35 the time available for an efficient nuclear reaction had been 
shown to be extremely short. Release of 1 per cent of the energy would give the 
nuclear particles a mean velocity of about a million meters per second. The 
reaction would be quenched by an expansion of the order of centimeters; this means 
that the energy release would have to occur in a time of the order of hundredth* 
of a microsecond. Since the mean time between fast-neutron-fission© is about, one 
hundredth of a microsecond, and since the largest part of the energy-release occurs 
in the last few fission generations, a reaction of reasonable efficiency was 
evidently just possible. 

1.36 G r o s s- 3 e c t ions - , Calculation of the, static and dynamic aspects of 
the fission bomb presented difficulties both because of the elaborateness of the 
theory involved and because of the dependence of these calculations on nuclear 
constants that were not, as yet, welV-meaaured. Y/ithin the system a neutron may 
be absorbed j, scattered, or produce fission. The contributions of each process are 
measured by the corresponding cross- sections, or effective target ares. a or anted 
by the nucleus to an imping ..ng neutron, Ihe total cross-section is divided into 
areas that it in, lose or draw {fission, absorb without fission* or matter) j these 
areas corresponding to the relative probabilities of the three processes. If the 



scattering is not isotropic, it is also necessary to specify the angular distribution 

rof scattered neutrons. All of these cross-sections, moreover, depend upon the 
nucleus involved and the energy of '.he incident neutron. Calculation of critical 
mass and efficiency depends upon all of these cross sections, as well as upon 
the number of neutrons per fission and density of material. It was clear that 
to obtain such measurements with the necessary accuracy would entail an elaborate 
program of experimental physics and a comparable effort of theoretical physics 
to /nake the best U3e of information obtained, 

1 .37 Effects of pamper , The effect of tamper is not only to decrease 
the critical mast by reflecting neutrons back into the active material, but also 
to increase the inertia of the system and therefor* the time during which it 
will remain in a supercritical state. These gains are somewhat lessened by the 
longer time between fissions of neutrons reflected back from the tamper. The 
lengthening of the tiine is caused not only by the longer path, but also by a loss 

Q of energy through inelastic scattering in the tamper. Calculations of the effect 

of tamper material depend thus on the absorption and scattering cross-sections 

of tamper material. It is interesting to note that Serber's early calculations 

238 235 
gave, for a tamper of U , a critical mass for U of 15 kilograms, and for 
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Pu of 5 kilograms. Both figures are correct to within a reasonable error, 
[his may be regarded a,s in part good fortune, since many of the assumptions made 
were rough guesses. It nevertheless serves to illustrate the advanced state of 
basic theory at the tixne. 

1.38 Effic ienc y^ Detona tion and fyttdetonatlon . Some indication has 
been given above of the basis for efficiency calculations, [he outcome of *such 
calculations was tc show that efficiencies would be low. There is, moreover , 
another essential factor in efficiency, connected with the problem of assembly 
and detonation, the early discussion of which is reviewed bolow, 
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1.39 It is inherent isi the nature of explosive reactions that they 
can be set off by relatively minute forces; the requirement being, in general, 
a disturbance suf f iciently great to initiate some type of chain reaction. 
Chemical explosives can be protected with greater or less certainty from such 
external forces as may initiate a reaction* A supercritical mass of nuclear 
explosive, however, cannot be protected from "accidental" detonation. Chain 
reactions will begin spontaneously with greater certainty than in the most unstable 
chemical compounds. Cosmic ray neutrons will enter the mass from outside. 

Others will be generated in it from the spontaneous fissions that constantly occur 
in uranium and plutoniura. Still others come from nuclear reactions, most 
importantly from the (a, n) reaction in light element impurities. The 
problems presented by this "neutron background" are responsible for a considerable 
part of the project's history. From the first and weakest source alone (cosmic 
rays) any supercritical mass will be detonated within a fraction of a second; 
from other unavoidable sources within a very much shorter time, 

1.40 The only method for detonating a nuclear bomb is, therefore, to 
bring it into a supercritical configuration just at the time when it is to be 
detonated. The required speed of assembly depends upon the neutron background. 

As the parts of the bomb move together the system passes smoothly from its initial 
subcritical to its final supercritical state. Chain reactions may, however, set 
in at any time after the critical position has been reached. If the velocity of 
assembly is small compared to the rate of the nuclear chain reaction, and if 
predetonation occurs, the explosion will be over before assembly for maximum 
efficiency has occurred* 'Vims the explosion may occur, with a widely varying 
range of efficiencies, at any tinr*t between the critical and the final supercritical 
positions. To decrease the probability of predetonation and. consequent low 
efficiencies requires either a higher speed of assembly or a lower neutron ' 
background, Cne of 3erber*s calculations wi.il illustrate the practical difficulties 




that are involved. ^ 





Gun Assembly, Initiator , The considerations of the last section 

indicate the magnitude of the assembly problem: to initiate properly and reliably 

a reaction whose entire course occiirs in a fraction of a microsecond, subject to 

the complementary need3 for high-velocity assembly and low neutron background* 

As was mentioned above, the principal source of neutron background is the (a, n) 

reaction in light-element impurities* To lower this background would require a 

strenuous program of chemical purification. 

1*42 The most straightforward early proposal for meeting these 

difficulties was the method of gun assembly; the general proposal was that a 

projectile of active and tamper material, or of active material alone, be shot 
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through ^or laterally past a target of active material and tamper. For U both 

the chemical purity requireiaents and the needed velocity of assembly were attainable 

by known methods, loany difficult engineering problems^ were evidently involved, 
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but they did not appear as insuperable. For Pu the requirements for purity 
and speed were both somewhat beyond the established range. It seemed, however, 
that by rather heroic means they could be met. 

1.43 High- velocity. assembly and the reduction of the neutron background 

> * 

would decrease the probability of predetonationj they would also decrease the 

if 

probability of detonation at the desired time. Unless material could.be assembled 
so as to remain in its optimum configuration for a considerable length of time, . 
there was a danger that "postdeton.it ion" too would give low efficiency, or that the 
system would pass through its supercritical state without detonation occurring at 

s 



all. To overcame this difficulty it would be necessary to develop a strong 
neutron source that could be turned on at the right moment. Theoretically- 
feasible schemes for such an initiator had been conceived, but their practicability 
was not assured. 

1.44 Autocatalys la 3 I mplos ion . Two other methods of assembly had 
been proposed, and it was a part of the early program to investigate them. One 
of these was a self -assembling or autocatalytic method, operating by the 
compression or expulsion of neutron absorbers during the reaction. Calculation 
showed that this method as it stood wouLi require large quantities of material 
and would give only very low efficiencies. 

1.45 The second alternative method was that of implosion. In its 

If 

first concrete form the proposal was to blow together a sub-critical hollow 
spherical shell of active material and tamper by detonation of a surrounding 
layer of high explosive,. 

1.46 Both these methods had the great disadvantage, in a short-term war 
program, of being mere proposals, without any previous engineering implementation 
such as existed in the field of gun design. 

1.47 The Deuterium 3orab or "Super" . There existed, at the tine of the 
April Conference, one other important proposal to which considerable thought and 
discussion had been given Ln the previous months. This was a proposal to use the 
fission bomb as a means for initiating a nuclear reaction of a different type from 
that involved in the fissioning of heavy-element nuclei. Fissioning* the disruption 
of nuclei with liberation of energy, is a somewhat anomalous reaction restricted to 
the heaviest nuclei* Among the lighter elements the typical exoerglc (energy- 
producing; reaction is the building up of heavier nuclei from lighter ones. For 
example two deuterium (hydrogen^) nuclei may combine to form & helium-^ nucleus and 

a neutron, or a tritium nucleus (hydrogen^) and a proton. The energy" that is 
liberated goss into kinetic energy and radiation. If such a reaction occurs in a 



mass of deuterium, it will spread under conditions similar to those that control 
ordinary therniochemical reactions. Hence the reaction is called thermonuclear. 
The cross-section for a reaction between two deuterium nuclei is strongly 
dependent upon the energy of the nuclei* At low energies the probability that 
the reaction will occur is very small. As the temperature of the material 
increases, the reaction becomes more probable. Finally a critical temperature 
y is reached, where the nuclear reactions in the material just compensate for various 
kinds of energy loss, such as heat conduction and radiation* The thermonuclear 
reaction is in detail more complicated than has been, indicated, because of the 
presence of a variety of secondary reactions. 

1.4S Among available materials, deuterium has the lowest ignition 
temperature. This temperature was estimated to be about 35 kilovolts (about 
400 million degrees), and is actually somewhat lower* Once ignited, deuterium is 
about 5 times as energy-productive per unit mass as Thus one kilogram of 

deuterium equals about 85,000 tons of TNT equivalent* Since it is not more 
difficult to ignite a large than a small mass of deuterium, and since it is more 
cheaply produced in usable form than either U J * or Pu , the proposed weapon, 
using a fission bomb as a detonator and deuterium as explosive, could property 
be called an atomic super-bomb. The development of this super-bomb was perforce 
secondary to that of the fission botnb$ on the other hand its potentialities were 
so great that research toward its development could not be completely neglected,, 
1.49 It should be mentioned at this point that in the early period of 
the project the most careful attention was given to the possibility that a thermo- 
nuclear reaction might be initiated in light elements of the Earth* 3 atmosphere or 
crust. The easiest reaction to initiate, if any, was found to be a reaction 
between nitrogen nuclei in the atmosphere. It was assumed that only the 
moat energetic cf several possible, reactions would occur, and that the reaction 
cross-sections were it the majtipiuri values theoretically possible. Calculation led 




to the result that no matter how high tha temperature, energy loss isould exceed 
energy production by a reasonable factor* ht an assumed temperature of three 
million electron volts the reaction failed to be self -propagating by a factor of 
sixty. This temperature exceeded the calculated initial temperature of the 
deuterium reaction by a factor of one hundred, and that of the fission bomb by 
a larger factor* 

to 

1.50 The impossibility of igniting the atmosphere was thus assured by 
science and common sense* Ihe essential factors in these calculations, the 
Coulomb forces of the nucleus, are among the best understood phenomena of 
modern physics. The philosophic possibility of destroying the earth, associated 
with the theoretical convertibility of mass into energy, remains, Tha 

* 

thermonuclear reaction, which is the only method now known by which such a 
catastrophe could occur, is evidently ruled out. The general stability of matter 
in the observable universe argues against it. Further knowledge of the nature of 
the great stellar explosions, novae and supernova e, will throw light on these 
questions* In the almost complete absence of real knowledge, it is generally 
believed that Uie tremendous energy of these explosions is of gravitational 
rather than nuclear origin* 

" 1.51 More immediate and less spectacular global dangers to humanity 

arise from the use of thermonuclear bombs, or even fission bombs, in wars principally 
from the possible ma^itude of destruction and from radioactive poisoning of the 
atmosphere (la* 29). 

^•5^ Damage* So far *e have reviewed only the early discussion of 
energy release* Since, however, the purpose of the project was to produce an 
effective weapon, it necessary to compare the atomic baab with ordinary boobs* 
not merely as to energy release, but more concretely as to destructive effects. 
Damage could be classified under several ha&dings: The psychological effects of 
the use of such a weapon; the physiological effects of the neutrons, radisaetira 
material ana radiation produced;} tiro mech&nic&l destruction produced by the 



shocks-wave of the explosion, Estimation of the first was not of course within 
the means or jurisdiction of the project* Of the second, it was estimated that 
lethal effects might be expected within a radius of one thousand yards of the 
bomb, fhe radioactivity remaining might be expected to render the locality of 
the explosion uninhabitable for a considerable period, although this effect would 
depend on the percentage of activity left behind, which was as yet an unknown 
quantity* The principal damage would be caused by the mechanical effects of the 
explosion. These effects were difficult to estimate ♦ Some rough data on the 
effects of large explosive disasters were available. More reliable information 
was available concerning the effects of small high explosive bombs , but it was 
not known for sure how these effects should be scaled upward for high-energy 
atomic bombs. Serber's report gives an estimate of a destruction radius of about 
two miles for a 100,000 ton bomb. Members of the British mission who cams to 
the project somewhat later were able to add to the understanding of this topic 
from their national experience and their research of recent years, 
DEVELOPS t OF PROGRAM 
Introduction 

1,53 From the previous outline of the state of knowledge at the 
beginning of the Boob Project, it is clear that the greatest problems were bound 
to arise on the side of development and engineering. There was still ouch work to 
be done in nuclear physics proper, but enough was known to eliminate great 
uncertainties from this side of the picture. It should not be concluded, however, 
that the stage of research was past its prims, to be dominated in turn by problems 
of application* / The norma] meanings attached to "research**, "development", and 

engineering** are altered in the context of wartime science generally^ that is 
particularly tru<Q of the Atomic Bomb Project, Two features hav® determined its 
general character* Itoe first is* the domination of research schedules by production 
schedules | the second is the nature of the weapon itself. Time schedules for the 
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production of U^5 p u 2)9 ware such that the laboratory had before it about 

two years until explosive amounts of these materials would be available* After 

that time every month 1 s delay had to be counted as a loss to the war. The 

practical consequence was that many kinds of information had to be gotten at the 

earliest possible date, with greatest difficulty, even though at a later date 

the same information could be gotten more easily and reliably* The micro- 

metallurgy of plutonium was investigated at Chicago, for example, because it 

was vital, among other things, to know the density of the new material as soon 

as possible; the first measurement was made with great labor, from a sample of 

only a few micrograms* The value of such information depended upon its capacity 

to influence decisions which could not be postponed* pSiis meant a heavy dependence 

upon theory and upon measurements of the type needed to answer theoretical 

questions. To some extent reliance was placed upon theoretical anticipations 

because of the all-or-none character of the weapon. A purely experimental nuclear 

explosion would involve the dissipation of at least one critical mass of material 

that might have beea used against the enemy* If tests were to be made at all, 

only one or two would be possible* For so small a number of tests to be meaningful, 

- - a large * 

they would have to have /a priori probability of success* Although this question 

of tests was not decided at the beginning of the project, certain general 

implications were clear: The bomb's component parts and phases of operation had 

to be designed and tested separately, with reliance upon theory to supply a 

picture of its Integral operation* 

x 

1.54 It is not remarkable, in the light of what has been said, that 
the initial program, personnel and equipment of the laboratory gave it the 

r 

appearance of a purely research organisation* That it had this appearance waa 
partly a matter of previous history; nuclear research was the most advanced part 
of the program, and its personnel and equipment were moat easily available* 
C _ In part, however, the research character of the organization was a matter of 




considered policy. Normally, the engineer is the "practical roan" who translates 

i 

ideas into practice. Here, not only the ideas but also the standards of 
practice were new. To keep the center of policy in the research group was not to 
minimize the importance of the engineering work, but to emphasize its difficulty. 
Secondary problems undeniably arose from this policy, which displaced the 
engineer from his normal position, and only through trial and error created for 
him a new place in the division of Project labor. 
Theoretical Froyam 

1.55 Enough has been said to indicate the central position in the 

laboratory of its theoretical program. As it emerged from the conferences this 

program had as its main goal to analyse the explosion, and develop the associated 

techniques of calculation; to give nuclear specifications for the bomb with 

increasing reliability and accuracy as new physical data became available, 
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Calculations had to be made for three materials: U , Pu , and also a new 
compound, a hydride of uranium, which seemed to have certain advantages over 
metallic uranium as a bomb material. Calculations also had to be made for a 
variety of shapes of the active mass, and for different combinations of bomb and 
tamper material. For critical-mass calculations the theory of neutron-diffusion • 
in bomb and tamper had to be refined, and account taken of the energy distribution 
of fission neutrons, as well as the dependence of nuclear cross-sections upon 
those energies. For efficiency calculation, further study was needed of the 
hydrodynamics of the explosion, taking account of the effects of the large amounts 
of radiation liberated in the process, /urther investigation was needed of the 
problems connected with time of assembly, detonation and predetonation. 

1.56 In addition to these problems relating to bomb design, the 

theoretical program included a variety of analyses and calculations connected with 

the experimental program, ranging from ordinary service calculations to the design 
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of a slow chain-reacting unit with U -enriched uranium. 
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U57 The program included # finally, the further investigation of 
) bomb damage, of the possibility of aut ©catalytic methods of assembly, and the 

i 

proposal to amplify the effect of fiasicn bctibs by using them to initiate 
thermonuclear reactions* 

P rogram of Btaper imental Physics 

1*53 The program of experimental physics formulated during and 
inmediately after the conferences fills under two main headings: Detailed and 
integral experiments * Detailed or differential experiments are those which 
attempt to observe the effects of isolated nuclear phenomena* From a sufficient 
number of experimental data" gained in this ?«ay, an integral picture of the 
operation of the bomb could be built up within a framework of theory* Integral 
experiments* on the other hand* were - at least in their early conception - 
attempts to duplicate in experimental arrangement some of the overall properties 
of the bomb, Experiments of the two kinds were intended to supplement each other 
wherever possible; on the one hand to sharpen the interpretation of integral 
experiments* on the other to show up possible omissions of elements from the de- 
tailed picture* In practice* it has proved extremely difficult to devise integral 
experiments writch in any way duplicate the conditions obtaining in the bomb* The 
integral experiments that have been performed have had rather the effect of check- 
ing theory in situations in erne ways similar to the bomb* \ 

1*5? A brief outline of the program as first developed will serve also 
te indicate the state of experimental knowledge carried over from the previous 
period, 

t*60 Differentittl experiments t 

Neutron Number : The avevage number of neutrons per fission had 
^ never been measured directly, although the Chicago Project had measured the 
number of neutrons from per thermal neutron absorbed* The number of 
neutrons per fission sould be calculated from this measurement and from the ratio 
of fissions to captures* which, however* was not known reliably in the region of 
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thermal energies, ihe neutron number cf Pa 7 was completely unknown although 

it was expected to differ but little from that of U 2 -^. The first experiments 
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planned were in fact measurements of neutrons from Pu • 

1*61 These latter measurements *ere of intrinsic importance, and 
were needed at the earliest date possible to confirm the wisdom of heavy 
commitments already made for the production of plutonium in quantity. 

1.62 Fissjon Spectrum ; Ihe energy range of neutrons from the fission 
of U 2 ^ had been investigated by the British, and by the Rice Institute and 
Stanford sub-projects* These measurements suffered from the large dilution 

of isotope 235 by "238 in normal uranium. Work had already been begun at 
Minnesota with enriched material, and this program was to be continued at Los 
Alamos. 

1.63 Fission Cro selection s ; Fission cross- sections had been 
measured by the sub-project unuer N* P. Heydenberg at the Department of 
Terrestrial Magnetism of Carnegie Institute, by McKibben's group at Wisconsin, 
and by Segre's group in Berkeley. These measurements - for U 2 ^ - covered 
the neutron energy range above 125 kev, and the range below two ©v. When the 

* 

curve for fission cross-sections over the high-energy range was extrapolated 
downward, a figure was obtained for thermal energy that was much larger than the 
cross-section actually observed . Since the extrapolated region covered the 
important range of neutron energies in a bomb of uranium hydride, measurements 
were planned to investigate cross- sections at these intermediate energies, and 
resolve the apparent anomaly. Fission cross- sections of Fu ^ 7 were already 
known at thermal energies and at a few high energies. Here also measurements 

! 

were planned to cover the entire range of energies up to about. 3 Mev* 



1.64 Delayed Neutron i^mi ssion; Experiments at Cornell had shown that 
there was no appreciable delay beyond ter, microseconds fh the emission of neutrons 
from fission; one of the initial experiments planned at Los A lamoa was to puah 



this time down to a tenth of a microsecond; on theoretical grounaa it was 
expected that the number delayed even for this time would be small „ 

1.65 Capture and Scattering Cro ss -Sections : At the beginning of 
the project little was known about capture and scattering cross-sections* 
Some measurements of capture and inelastic scattering cross-sections had been 
made at Chicago fpr normal uranium* Experiments by the Minnesota group had 
given values for elastic and inelastic scattering in uranium for high energies. 
The Wisconsin group had measured large-angle elastic scattering in a number of 
potential tamper materials* Capture cross-section measurements were made by 
Segre at Berkeley. Hie principal work planned for the Los Alamos Laboratory was 
on the scattering and absorption cross- sections of and Pu 2 39, and the 
capture and scattering cross-sections of various tamper Materials* 

1.66 One new type of scattering measurement , not previously 
undertaken, was planned for this laboratory. This was the measurement of 
scattering into different solid angles. When so averaged as to give the effective 
scattering In a given direction, this average is the so-called transport cross- 
section, 

1.67 Integral Experiments : Certain integral experiments had been 
performed at Chicago, in connection with the development of the slow neutron 
chain-reacting pile* These were not of direct interest to the bomb project* 

Two types of integral experiments were however planned in the early experimental 
physics program: 

1.6d Integra l l&mpor Experiments : Several experiments were planned 
to measure the scattering in potential tamper materials; these were designed to 
imitate the scattering properties of a tamper in the actual bomb* 

1.69 The "Water Boiler'* :: At the Aprii Conferences there was some 

discussion of the possibility of constructing a slow chain-reacting unit, using 
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uranium with enriched U ' content in water solution. Hie construction of such 



a unit would pre vide a useful neutron source for experimental purpeses, and 
would lIso give practice in the operation of a super-critical unit. The 
decision to make such a unit was net reached until some time later, 

1.70 Experimental Techniques : A large subsidiary program was called 
for, to investigate techniques for producing and counting neutrons of a given 
energy, for measuring fissions in various materials, and for measuring neutron- 
induced reactions other than fission. The systematic recording of nuclear 
properties entailed by the experimental program, required both accuracy and 
Standardization of a number of difficult techniques; the program of instrumentation 
represented therefore a major activity of the laboratory. 

Program of Chemistry and Metallurgy 

1.71 During the course of the Do& Project a large amount of research • 
had been carried out on the chemistry and metallurgy of uranium. The micro- 
chemistry and micro-metallurgy of plutonium were investigated at Chicago as soon 
as small amounts of the material were available. The chemical investigations 
were necessary a3 a basis for designing methods of recovering plutonium from the 
pile material and "decontaminating" it, i*e., separating it from radio-active 
fission products. 

1.72 At the beginning of - the Loa Alamos project the exact division 

of labor between its chemistry laboratory and other laboratories had not been 

settled. There were objective difficulties and uncertainties of program. It 

was not known whether b J ^ , Pu or both would be used, or whether the bomb 
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material would be metal or compound. U % producible from thorium by a process 
of ''breeding" similar to that by which Pu is made from U J , was also a 

1 

possibility* Mechanical requirements for the bomb material could net yet be 
specified. Here also a characteristic difficulty appeared, in that the time for 
research with gram and kilogram amounts of material would have to be as short as 
possible, in order to avoid delay in bomb production. 
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1.73 One certainty was a schedule of purity requirements for U^3i? 
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and Pu - • Because of the large alpha radioactivity of the latter substance, 

light impurities had almost to be eliminated. Most light elements had to be 

235 

present in not more than a few parts per million. For U the^e tolerances 



could be greatly relaxed* Although it was not yet determined whether the work 
of final purification would be carried on at Los Alamos or elsewhere, an 
analytical program was necessary to develop techniques for measuring small 
amounts of impurity in small samples of material* 

1.74 A radio* chemistry program was needed to prepare materials to 
be used in nuclear experiments and in the development of a neutron initiator for 
the bomb. 

1.75 The metallurgy program included research and development on 
the metal reduction of uranium and plutonium, the casting and shaping of these 
metals and compounds such as uranium hydride, as well as various possible tamper 

^ materials. Investigation of the physical properties of uranium and plutonium 

was needed, and a search had to be made for alleys with physical properties 

i 

superior to those of the unalloyed metals. As its main service function, the 
metallurgy group would be called upon to prepare materials for physical and 
ordnance experiments; particular ly projectile, target, and tamper materials for 
the gun program. 

1.76 As a somewhat autonomous part of the chemistry program, plans 
were made for the construction of a deuterium liquefaction plant at Los Alamos, 
This was to supply liquid deuterium for experimental purposes and for eventual 
use in the thermonuclear bomb, should its development prove feasible and 
necessary* 

Ordnance program \ 

1.77 It had been recognized from the beginning th-vt the most difficult 

of all problems facing the project wae to find means for the assembly of several j 

i 

•critical masses of material, l>st enough to produce a successful higb-oroer J 




£43 



/ 



explosion. Subsidiary but still very difficult problems were those of 
incorporating active material, Lemper and assembly mechanism into a practical 
air-bcrne bomb. these were the problems of the ordnance division of the 
project, a division which could haruly be said to exist at the beginning, As a 
natter of fact, no pre-existing group could have had much success in this work. 
A new field of engineering was being explored; experience .has shown that 
tho3e successful in this work cone from a variety of technical backgrounds, 
all of which contribute to the field and none of which dominate it: 
physicists, cheatiats, electrical and mechanical engineers. 

1.78 A corollary feature of the ordnance program has been its 
simultaneous investigation of alternative method. The uncertainties of 

nuclear specification and the possibility that one or another line of investigation 

might fail, have made such a policy unavoidable. Of the three methods af 

producing a fission bomb (autocatalysis, tue gun, the implosion) that have been 

discussed, the last two were singled out for early development. Autocatalysis 

was not eliminated; but it was not subject to development until some scheme 

wa3 proposed which would give a reasonable efficiency. TYiis did not occur during 

Lhe course of the project, although autocatalytlc methods continued to receive 

considerable theoretical attention. Of the remaining two methods, the gun 

appeared the more practical; it used a known method of accelerating large masses 
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to high velocities. The problem of "catching" a projectile in a target and 
a tar ting a chain reaction in the resulting supercritical mass was obviously a 
difficult one, but it seemed soluble. .... — — 

1.79 The method of implosion, on the other hand, was much farther 
removed from existing practice* The requirement of simultaneous detonation over 
the surface of & high explosive sphere presented unknown and possibly insoluble 
difficulties j the behavior of solid matter under che thermo^yn&mical conditions 
created by an implosion weat far beyond current laboratory experience, &s even 
its name Implies, tha implosion seeised "against nature 1 '* Its investigation *as 



at first under taken as something to fall back on in case U\* gun should, 
contrary to expectation, fail. Credit for the early support and investigation 
of this method should be given to 3. H. Neadermeyer , who at the beginning was 
almost alone in his belief in the superiority ci' the method. At a meting on 
or J nance problems late in April, Neddermeyer presented the first serious theoretical 
analysis of the implosion. His arguments showed that the compression of^ 
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[JfQ) a soiid sphere by detooation of & surrounding high- explosive 

• — - ' 

Layer^was feaaible, and that it would be superior to the gun method both in its 
higher velocity ana shorter path of *»s;>enibly. Investigation of the method was 
begun almost immediately. It subsequently received two increase* of priority, 
until at the end of the project it had become the dominant program throughout 
the laboratory. 

1.80 During the A pill conferences, the discussion of ordnance 
served mainly to outline the problems. Considerable attention had been given 
to the problem of gun design by R. C. Tolman. One member of the reviewing 
committee at Los Alamos in April was E. L. Hose, an expert in problems of gun 
design. Rose showed that by the sacrifice of durability, a quite inessential 
property, the otherwise prohibitive size and weight of a large gun could be 
reduced to a point where, together with the target, it could be included in a 
practical bomb. Other elements of the ordnance program discussed wore: internal 
ballistics of the gun, external and* terminal ballistics (guiding and sealing of 
the projectile, initiating of the chain reaction), safety, arming and fuzing 
devices, release and trajectory of the bomb from a piano. 

1.81 It is inappropriate to discuss in da tail the experimental 
program of .ordnance at this point. Experimental work did not get under way for 
several months. On the agenda for imniediate action wer* the prior problems of 
obtaining test guns and high explosives, of building a proving- grouad", and of 
employing or training personnel to carry on the research. 
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Perort of the Rev jewing Committee 

1.8£ The reviewing committee referred to in par -a^raph 1.26 was 
appointed by General Proves to report on the organization of the Los Alamos 
Project and on the status and program of its technical work. The chief question 
before this committee was the status of the ordnance program. The initial 
conception of the project's general program was that research in nuclear physics 
should be virtually completed before undertaking a large-scale ordnance 
development. In March 1943 9 however, Gppenheimer had written a memorandum on 
ordnance, in which he urged that experimental work be undertaken as earl^ as 
possible, and that it receive^ recognition as one of the most urgent of the 
project's outstanding problems. (Appendix 7 * No, 3 ) Tolman recognized the 
importance of the issue thus raised, and recommended the appointment of Hose to 
the reviewing committee as an expert on ordnance matters. 

1.33 The report of the reviewing committee, dated 1'a.y 10, 1943, was 
concerned with the administrative organization of the project, and with the 
status and program of the technical work, oince certain of the recomri endations 
cf tit- committee had an important bearing on the further development of the 
project, the main features of its report are outlined below. (Appendix 7 » No. 4 ) 

A. NUCLEAR FHY3IC3 REStt ;RCH 

1.34 After an extensive review of the program of nuclear physics the 

committee stated its approval of all of thi3, the most advanced part of the 

work. It took note cf the newly discovered possibility fcr use of uranium 

hydride. Pointing out that the existence of the hydride had been learned of at 

Los Alamos somewhat by accident, the committee recommended a more systematic 

technical liaison between this and other branches of the larger project, It 
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;iloO re.eomu, ended that the study of U ^ as a possible explosive material be 
continued. 



B. LESS DEVELOPED PARTS OF THE PRCX3UM 
1»85 Ihe comraittee reported on the program for investiga tion of the 
thermonuclear reaction, the chemistry and metallurgy program and on the program 
of engineering and ordnance. 

1.86 As fop trie thermonu clear bomb, the committee recommended that 
its investigation be pursued, but along mainly theoretical lines, and with 
priority subordinate to that of the fission boob. This confirmed the laboratory 
policy already established, 

1.87 Concerning both the chemistry and engineering programs, the 

committee recommended a substantial revision of earlier policy. One of the 

principal organizational questions at the time was the Jurisdiction of the 

chemistry purification program. As 3tated above, the purification of active 
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material, particularly Pu , presented a major technological problem. The 
chemistry of pi u ionium was first investigated by Kennedy, Seaborg, Segre, and 
Aahl, its discoverers. The investigation was pursued and would first be 
practiced, by the Metallurgical Laboratory chemists, in connection with their 
problem of separation and decontamination of pl;tonium produced in the piles at 
Cak Ridge and Hanford. It was arguable that the further step of purification, 
upon which such stringent requirements were placed, should be carried out by 
the same group. The committee recommended, however, that the purification program 
be carried on at Los Alamos Instead. Its reasons for this recommendation were 
not only that the Los Alamos Project would be responsible for the correct 
functioning of the ultimate weapon, but also that a considerable amount of 
rejpurif ication wor r . would in any case be a consequence of the exjwitteatal use 
of material at this project, 

1.88 Th9 second major recommendation of the committee? w&o in 
agreement with the earlier stateaaent of Cppenheimer, - that tfie work of ordnance 
development and engineering should be undertaken as soon as possible* 
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The committee stated its opinion that the time had arrived for close connection 
between nuclear and engineering research, Wiile there remained from the 3ide 
of nuclear specifications a wide range of possible designs for the final weapon, 
the committee believed that further determination of design would have to depend 
as well upon engineering specifications. The committee also pointed oat that 
engineering research was neeaed in connection with the development of safety, 
arming, firing, and detonating devices, portage of the bomb by plane, and 
determination of the bomb trajectory. 

1.89 Both the above recommendations entailed a major expansion of 

project personnel and facilities. For the purification program, the estimated 
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increase of chemists and technicians was thirty, and a corresponding increase 
of laboratory facilities. For ordnance and engineering work, the committee 
estimated that this would require a two-fold increase of project personnel, with 
an extensive increase of off ices , drafting rooms, shops, and test areas for 
ballistic and explosives work. 

C. ADMIN IS IRA TI VE RZC OC/ENDA Tl CN5 AND GENERAL CCNCLU3ION3 

1.90 Hie committee's recommends Lions on matters of organization and 
administration fall under the headings of personnel, procurement, security and 
morale. Under the first the committee gave strong commendation to Oppenheimer 
as Director. f ftie creation of three administrative positions was recommended, as 
soon as competent persons could be found to fiJi them, Ihe first was a director 
of ordnance ana engineering, to take charge of the recommendeo. program. The 
second was an associate cirector, a man in charge of some major phase of the 
scientific work and able to assist the* director ana take charge in his absence. 
The third was an administrative oi'/icer, to take charge of n on- technical 
administrative matters; in particular, to maintain cordial and effective relations 
with the military administration. On the general personnel situation the 
committee reported favorably, both as to the competence ana the work assignments 
of scientific personnel. 




1.91 The f-onuuitt.ee was dissatisfied with the organization and 
functioning of the procurement system. The procurement officer, Mitchell, 
they found to be we]l qualified for the position by technical training and 
experience. Their principal criticism was directed toward the operation of the 
University of California Purchasing Office in Los Angeles, which in their 
opinion had been responsible for serious and avoidable delays. The conurittee 
recommended establishment of a second purchasing office in New York under 
separate contract, 

1 .92 The security policy established by the Director under the 
authority granted him met witr; the committee* s approval. 

1.93 The final administrative recommendation of the committee, one 
which in its nature could not be entirely specific, concerned morale and the 
maintenance of the "special kind of atmosphere that is conducive to effective j 



scientific work". The committee recognized that this was made difficult by thie 

isolation and military character of the post, and it was therefore in the j 

j 

achievement of better relations between the military and technical organization* 
that the committee saw hope for the maintenance of morale. 



committee's examination of program and organization provides a natural 
introduction to the problems of the new project. Enough has been said to 
indicate that the greatest problems were connected with the need to deveico a 
new type of engineering researcn, translating the schematic conception of an 
atomic bomb into an effective military "weapon. Both objectively and subjectively, 
these problems were rendered more difficult by the newness and isolation of the 
laboratory, anu by the duality of military and technical organizations. 



SUMMARY 



1-94 The period of the April Conferences and of the reviewing 




Chapter II 
THE 3ftITIoH KIoJICK 

2.1 In December 19/+3 the first representatives of the British 
atomic bomb project came tc Los Alamos. Their arrival marked the climax of a 
long series of negotiations between the British, Canadian and American 
Governments seeking to integi^ate the scientific work being done in all three 
countries on atomic bomb research (1.2). These first representatives were 

6. R. Frisch and E. iV. Titter ton* 

2.2 Although Britain's T. A . Iroject (The Directorate of Tube 
Alloys) had had a very high priority in 1942, so many of her physicists and so 
much of her industrial capacity were engaged in other urgent war work that it 
was impossible to undertake as large a program as the United States had launched. 
The British organization decided to limit itself to particular phases of the 
problem, and established research teams in various university and industrial 
Laboratories, 

2.3 In the summer of 1942, sufficient progress toward collaboration 
had been made so that the British reports on the theory of fission and the 
fission bomb were accessible to Oppcnheimer 's group in Berkeley, as well as 
reports of experimental measurements of nuclear constants. At that time the 
British analysis of the bomB mechanism was somewhat more advanced than in the 
United States, 30 that access to these reports was of substantial value. In 
November 1942 a memorandum (Appendix 7 , No. 5 ) was written by Cppenheimer to 
u. i,. I eierl.'j describing the theoretical work that had been done at Berkeley and 
discus a ing certain points of difference between British and American theoretical 
work. The incompleteness of collaboration at this time is indicated by the fact 
that in the memorandum referred to there could be no mention of the deuterium bomb. 



2.4 In the fall of 1943 i-reskier.t Roost- velt arid Frime Minister 
Churchill had discussed the possibilities for closer collaboration between the two 
countries in hastening the production of Atomic Bombs. As a result of their 
discussions a Combined Policy Cormittee was set up in Vashington. One of this 
coruiiittee T s decisions was to move a large number of* British scientists to work in 
'unerican laboratories. Evidence of the genuineness of cooperation that resulted 
from this sacrifice on Britain's part is the fact that British scientists were 
given assignments in all parts of the American Project, especially at Los Alamos, 
the most highly classified section of aU. (Appendix 7 * N°» 6 ) 

2.5 At this time Niels Bohr, the eminent Danish physicist, escaped from 
Denmark to England, where he wns appointed adviser on scientific ratters to the 
3ritish Government, His scientific advice was made available to the United States 
as well. Bohr and his son Aage came to Los Alamos in December 1943 > a short time 
after Frisch and Titterton. To ensure his personal safety and as a security 
precaution, Bohr was known as Nicholas Baker and his son as James Baker* Great 
care was taken to prevent any reference to their real names, even in classified 
documents. The Bohrs did not become resident members cf the Los Alamos Laboratory, 
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but made several extended visits as consultants. 

2.5 When Bohr came to the laboratory he found there a large number 
of his former students, and his coming had a very healthy influence on research, 
Pc came at the right moment* The exigencies of ' production, the innumerable 
small problems which confronted the physicists had led them away from seme of 
the fundamental problems of the bomb. The study of the fission process itself, 
for example, had been neglected, and thii obstructed reliable predictions of 
important phenomena, such as the energy-dependence of the branching ratio 
between fission and neutron capture (6«44), Here Bohr's interest gave rise to 
new theoretical and experimental activities which cleared up many questions that 
were left unanswered before. Some of the most important experiments on the 
velocity selector were made at his institution {6*38) » Pis influence was felt 



strongly in research on the nuclear properties of tamper materials. 

2.7 Bohr's criticism and his concern for new and better methods 
enlivened the discussion of alternative means of bomb-assembly. Although these 
discissions showed in the end that the "orthodox" implosion was still the best 
method, their value was to prove that its choice was, despite its many difficult 
the correct one. Bohr participated very actively in the design of the initiator 

DBunrcD deleted doubted 

2.3 Last but not least his influence on the morale of the laboratory 
must be mentioned. It went farther than having the great founder of atomic 
research in the Laboratory, and farther than the stimulus of his fresh 
suggestions. He saw the administrative troubles of the laboratory in a better 
and longer view than many of those enmeshed in them. His influence was to bring 
about stronger and more consistant cooperation with the army in the pursuit of 
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the common goal* And what can be least overlooked, he gave everybody who was in 
contact with bin some of his understanding of the ultimate significance of the 
control of atomic energy. 

» ■ 

2.9 Another of the Laboratory's most useful British consultants 
was Sir Geoffrey I. Taylor. Los Alamos was staffed prLnarily with nuclear 
physicists, who lacked experience with hydrodynamical investigations. In 

* 

investigating the hydrodynamics of the implosion and the nuclear explosion., 
therefore, their work suffered from being too formal and mathematical. Apart 
from the contributions of the American sonsultant J. Von Neumann (?»64), most of 
the simple intuitive considerations which give true physical understanding came 
from discussions with Taylor. His most important, general contribution was the 
understanding of the "Taylor instability", which is. the generulization that when 
a light material is pushing a he.-t.vy material, the interface between them is 
unstable (5*27). This principle was important in the theory cf jet3 (16»10), in 
the interpretation of high-explosive experiments, in the design of the initiator 



11;>.45>)» in the design of the implosion bomb, at.d in the predictions about the 

: iciv.tr explosion (5.47)* To hijn also was due the stimulus for ^rer ious theoretical 

: riv- .st igation of the "ball of fire" phenomena (11.28). 

2.10 Technical contributions of the resident staff of the British 
Mission are mentioned in appropriate parts of the text on the same basis as the 
work of their AmerLcan colleagues. 

2.11 Sir James Chadwick of the Cavendish Laboratory, scientific 
adviser to the British members of the Combined Folicy Committee in Washington, 
cane to Los Alamos early in 1944 to head the British .Vis 3 ion. It was not 

certain at first whether the British group would work under Chadwick on the problems 
of his choosing, or whether they would be assigned to existing groups in the 
laboratory. The latter arrangement was adopted, and eventually British scientists 
worked in nearly all of the laboratory Divisions. Seven were experimental 
nuclear physicists, two were electronics experts, five were theoretical physicists, 
and five were experts in the properties and effects of explosives. 

2.12 Lord Cherwell, Churchill's personal adviser on scientific matters, 
visited Los Alamos in October 194A. 

2.13 Chadwick stayed in Los Alamos only a few months. Kis successor 
as head of the Mission was Feierls. 

2.14 Apart from the consultants already mentioned, the British Mission 
staff consisted of the following: £• Dretscher, B. Davison, A. F. French, 

0. R. Frjlsch, K. FuchS j.J. Hughes, D. J. Littler, C. Vark*, IV. G. Marley, 

* Although several members of the ^fission came to Los Alamos via the 

Canadian and United Kingdom Laboratory in Montreal, all were attached to 
the British staff except C. ii&rk, who remained in the employ of the 
Canad ia n Dover nme nt • 

D. G. Marshall, F. 3„ Koon, W. F. Loon (secretary), ft. F. leierls, V/. J. Penney, 
G. Placzek, ?/. J. Poole, J. Ttotblat, H. Sheard, T. H. R. 3kyrme, E m 71 m Titterton, 
J. L. Tuck. 




Chap ter III 

/ 

THE PERIOD APRIL 19^3 - A UGUST 19 44. GENERAL REVIEW 
General Administrative otter s 

n. f . - . . i _ ■ — i ' — * — — " — ' _ 

3#1 The first period of the loa Alamos Laboratory's existence 

i , 

presented the problems common to organizational beginning: the definition of 
program, the division of responsibilities, and liaison. Of these the first has 
been discussed in the first chapter. The division of responsibilities follows 
that of the program: Experimental Physics , Theoretical Physics, Chemistry and 
Metallurgy, Ordnance. Each of these was organized as an administrative division, 
consisting of a number of operating units or groups. Group Leaders were made 
responsible to their respective Division Leaders, and Division Leaders to the 
Director. In a position of responsibility parallel to that of the Director, w-is 
established a Governing Board* This consisted of the Director, Division Leaders, 
general administrative officers, and individuals in important technical liaison 
position. 

■4 

3.2 The minutes of the Governing Board meetings (Appendix 7 , No. 7 ) 
are perhaps the most convincing record that the building of the Laboratory was more 
than the planning and implementing of its technical work. Especially at first 
these meetings were the only regular occasions for viewing in a general political 
way the many questions that appeared. As a center for planning and policy-nrv \< i r t 
the Board considered a wide variety of topics, 

3.3 On the technical side the Board provided a means for relating the 
work of the different divisions, and for relating the progr un of the Laboratory 
to other Manhattan District activities. It heard reports of the latent nuclear 
calculations and rr.easurrar ar,s , and on the ba s 1 s of th.es e set basic specif icat ioi-7 
for Ordnance and Chemistry. \s exy erirnent-.il n j id design data became available 

from Or dna nee, t h e 3 oa r -j s e t .fa br i c a tion requ irement s for t h ^ me t t 1 L u r « ' .-i t ? t ■■' ■•■ -.-v^ * „ 
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3.4 The progress of procuremawt and production was frequently 
reviewed, particularly of active cater ials and separated isotopes needed in the 
program. The Board supervised the liaison with other Project laboratories on 
these ind related matters. 

3.5 For the first eight months perhaps two-thirds of the Governing 
Board's time wa3 devoted to lay matters* Frequent ^topics were housing, 
construction and construction priorities, transportation, security restrictions , 
personnel procurement, morale, salary scales, and promotion policy. In most 

of these discussions, the Governing Board again provided a link, here between 
technical program and general administration. 

3.6 The adversities of the first months are illustrated by a few 
very minor items choseA at random. In the first meeting of March 30, 1943, it 
was mentioned with some triumph that a calculating machine had finally been 
obtained, on loan from the Berkeley laboratory. The scarcity of transportation 
is illustrated by the fact that a request for assignment of one pick-up truck 
was brought, for decision, as high as the Governing Board. In May, the housing 
shortage was so serious that the 3oard took upon itself the assignment of the six 
remaining apartments. 

3.7 The membership of the Governing Board was: Bacher, Bethe, 
Kennedy, 'Hughes (3.20), Mitchell, Parsons (7.3), and Oppenheimer. Later 
additions were McMillan, Kistiakowsky (7*6#), and Bainbridge (7.4). 

3.8 A short time after the beginning of the laboratory, a Coordinating 
Council was established, whose membership was at the Group Leader level or above. 
In contrast to the Governing Board, the Coordinating Council was not a policy- 
making body, although at times policy problems were delegated to it; for example, 
the Coordinating Council was asked to establish criteria for deciding which 
members of the Laboratory should be classed as staff members with unrestricted 
access to classified inf ormation. Its meetings were generally informative 
rather than deliberative, consisting of reports of an administrative and 



technical character. Since its members were the heads of operating groups 
and were collectively in contact with all members of the laboratory, it sej-ved 
al.-?o as a vehicle of general opinion concerning technical, administrative, and 
- on occasion - community affairs, 

3,9 Divisions antf groups, in turn, held their own regular meetings 
and seminars. These, together with informal discussions and regularly published 
reports, were the main vehicles of technical information in the Laboratory, 

3.30 There was, finally, a weekly Colloquium which all staff members 
were privileged to attend. Staff members, as distinguished from other Laboratory 
employees, were defined as those with scientific degrees or e quivalent training 
in the field of their work, and therefore presumed capable of giving or receiving 
benefit in general discussions of the technical program. The Colloquium was less 
a means of providing information than an institution which contributed to the 
viability of the laboratory, to maintaining the sense of common effort and 
responsibility, 

3,31 Among all these channels of communication the Colloquium raised 
the most serious question of policy. From a narrowly technical point of view it 
was the least easy to justify; on .the side of military security it appeared to 
present the greatest hazard. Regular attendance would give any staff member a 
generally complete and accurate picture of the problems and progress of the 
Laboratory, Just this, however, was its purpose. Any. essential withholding of 
scientific information from the Colloquium would have defeated this purpose, and 
would have represented a compromise of basic policy. In practice, the relatively 
scientific and academic tone of Colloquium discussions made it possible to avoid 
mention of many matters of relatively small scientific, and relatively great 
tHctica.1, value i where tr.is was not possible the tactical value of information 
was sometimes lessened by omission of quantitative details. Despite these 
qualifications it remains true that the policy adopted concerning communication 



represented a considerable departure from the customs normally sunounding the 
protection of miliary secrets, 

3.12 The last organizational problem, establish** of liaison, 
presented somewhat unusual difficulties, reflecting the complexity of r&nhattan 
District organization. As the reviewing committee had pointed out (1.84), it was 
important that some machinery be established for the interchange of pertinent 
information between this arid other branches of the Froject. The isolation of 

w 

Los alamos even from other branches of the Project was a basic policy of the 

Manhattan District. Apparently it was difficult to separate the virtues of this 

isolation from its vices: the needed liaisons were achieved to any extent only 

after the most earnest representations. 

3*13 The procedure established in June 1943 for liaison with the 

Iv'etallurglcal laboratory at Chicago is fairly typical. Permission was given 

for the exchange of inf omation by correspondence between specified representative 

of the two projects Or by visits of the Los Alamos representatives to Chicago. 

Information was restricted to chemical, metallurgical, and certain nuclear 

properties of fissionable and other materials. It was permissible for the 

representatives to discuss schedules of need for and availability of experimental 

235 2 39 

amounts of U and Pu • No information could be exchanged on the design or 
operation of production piles, the design of weapons, or to permit comparison 
of schedules of need for and availability of production amounts of active 
materials. Three members of the Los Alamos Laboratory were to be kept informed 
of the time-estimates for production of large amounts of these materials. In 
addition to the above, it was agreed that special permission would be granted by 
the office of General Groves for visits to Chicago by other members of this 
laboratory to discuss specific matters. 

3.14 As the program developed, a number of topics were of great 
interest to the workers at Los Alamos. Information was needed on the results of 
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chemical and metallurgical research at the Metallurgical laboratory and! at the 
{ ) University of California and Iowa State College ♦ This work was concerned with 

the chemistry and metallurgy of uranium and plutonium and methods for the 
analysis of impurities in these substances. Information was needed on results 
of nuclear research at the Argonne laboratories at Chicago* It was important 
to know when materials would become available from the production plants at 
Oak Ridge (Site X), the form in which the material would be received, and the 
processing which it would have undergone* It was also essential to know the 
• analytical procedures to be used by the production plants in determining the 
impurities and active content of this material. 

3*15 The need for careful information on time schedule* of production 
was the most urgent and diff ioult part of this problem* The estimates received 
during the first summer of the Laboratory were vague, incomplete and contradictory, 
so that it was difficult to make sensible schedules of bomb research and develop- 
ment. The Governing Board in fact said that with the existing state of information 
scheduling was impossible, and that unnecessary delays would certainly result 
from this kind of blind operation* It was strongly urged by the Board that Los 
Alamos maintain a full-time representative at Oak Ridge* An agreement was finally 
reached in November 1943* by which Oppenheimer was permitted to visit the production 
plants at Oak Ridge* When material began to arrive at" Los Alamos in the spring 
of 1944, the situation improved somewhat of itself* 

3*16 The need for getting information required by the Ordnance and 
Engineering Division presented special difficulties. Most of this information 
had to aought in agencies outside the Manhattan District* Knowledge of the 
purpose and even the existence of Los Alamos had to be concealed from them, 
Many devices were used: blind addresses, a Denver telephone number, NDRC 
identification cards. The office of Dr. Tolman, Vice-Chairman of NDRC, was 




instrumental in obtaining reports for this laboratory on such subjects as gun- 
design, armor pliting, explosives, detonators, bomb d^i^e, etc. The liaison 
with army and Navy Ordnance, and with the army Air Force, will be discussed 
later (7.30ff and Chapter XIX). 

3.17 Among the more troublesome and less obvious liaison needs were those 
required with the University of California and within Los nlrunos itself. Although 
the work was to be carried out under a more or less standard type of War Department 
contract, the University of California was, in matters of policy, virtually 
unrepresented at the site. Security regulations and practices were such, moreover, 
that its officers were excluded from discussions of technical and administrative 
policy, and were allowed to concern themselves almost exclusively with a rather 
narrow ran^e of le^al and contractual affairs. At the L03 Alamos site there were 
two administrative offices, that of the military and that of the Laboratory* Hven 
though the division of labor was defined in a general way, most of the difficulties 
of dual organization had to be lived through before effective cooperation was 
established. Because of security policy, the officers charged with administering 
the conmunity and post were for the most part in ignorance of the Laboratory f s 
work. Thus, although the Manhattan District was the basic organization in the DSU 
I roject, its local military representatives were excluded from the sphere of 
Laboratory policy. Added to these difficulties, and complicated by. them, were the 

troubles of life in an isolated and unpractised community. 

•* 

3 #13 Under such circumstances a very great administrative burden fell 
upon the 3 boulders of the Director, V/hereas his primary responsibility was the 
success of the scientific program, it v?as evilly his concern that this success 
not be jeopardized by extraneous difficulties. The administrative recommendations 
of the Reviewing Committee had been aimed principally at improving this situation. 
Apart from the specific difficulties of the procurement office, the corranittee's 
main concern had been the need to improve relations between th* 5 laboratory and the 
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Post Administration, and to relieve the Director of as many non-technical 
administrative responsibilities as possible. At the beginning, the Job of 
operating the project was taken over by a temporary organization of scientific 
staff members and technicians « The important thing was to nvoid delay in research 
work. In the way stood a host of small problems: transportation, warehousing, 
procurement, planning of laboratory construction, and housing. The enthusiasm 
with which these jobs were undertaken was notable , as was the esprit that 
developed in the process. There was in it, nevertheless, an element of 
antagonism between the laboratory and the military cj^janization* However 
justified or unjustified this antagonism may in particular cases have been on 
either side, it set a general problem for the future. For those who have lived 
through the course of the Project, what stands out is not this initial element, of 
conflict, which only reflected the diversity of American life, but the fact thit 
through common purpose and by the measure of actual accomplishment, this conflict 
was reduced to secondary importance. 

3»19 • The members of the staff were considerably heartened by a 
letter which Oppenheimer read at a colloquium early in July, The letter dated 
June 29, 1943 was from President Roosevelt and said, in part: "I wi.3h you would 
express to the scientists assembled with you my deep appreciation of their 

■ 

willingness to undertake the tasks which lie before .them in spite of the dinners 
and the personal sacrifices, I am sure we can count on their continued wholehearted 
and unselfish Labors, Whatever the enemy may be planning, American science will 
be equal to the challenge. .vith this thought in mind, I send this note of 
confidence and appreciation," (Appendix 7> No* B ) 

3,20 Apart from the business and procurement offices, the administrative 
organization of the Laboratory had only two officers other than the Director . 
These were E* U. Condon of W'estinghouse Research Laboratories, and VJ. P« Dennes 
of the University of California. Of these, neither had fully determined to 
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remain with the Froject, and both did in fact leave, Condon in I'^y, and Dennes in 
July of 1943 # The reviewing committee had recommended the appointment of an associate 

« 

director, and of an administrative officer to coordinate non-technical administrative 
functions and to act as liaison with the Post Administration* It was possible to 
fill neither position at the time. Certain urgent requirements were met, however 
by the appointment of new administrative officers. David Hawkins of the University 
of California came in May 1943 to take the position of liaison with the Fost 
Administration. A # L. Hughes, Chairman of the Department pf Ihysics, Vfashington 
University, ;5t. i,ouis, Missouri, was made Personnel Director in June. B. E. Brazier, 
formerly of the T. H. Buell Company, Denver, came to the site in May to take charge 
of construction and maintenance. In January 1944, ^avid Dow of the legal firoi of 
Cadwalnder, Wickersham and Taft, New York, was appointed Assistant to the 
Director, in charge of non-technical administrative matters. 

3.21 By July 1944, the Administration of the laboratory was organised 
into the following groups 1 

A-l Office of Director D. Dow 

A-2 Personnel Office C. D. Shane ^ Assistant Director; 

A-3 Business Office J. A. D. LTuncy 

A-4 Procurement Office D. J . Mitchell (Assistant Director; 

A-5 Library, Document Room, Editor C. Berber, D. inglls 
A-6 Health Group Dr. L. H. Hempelmann 

!Ja in te nance J. K. V/illiams 

latent Office Major R. C. Smith 

Personnel Administration: 



3*22 The administration of the Laboratory was faced at tie beginning 
with a conflict of form and content. Because of the newness of large-scale 
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organized research there dees not exist for it a class of professional 
scientific adninistrators . In the main a choice had to be made between a large 
administrative organisation staffed with persons unacquainted with the peculiarities 
of scientific research, and a system by r which the major share of administrative 
responsibility fell to the scientists theitiselves. Here again as with the 
engineering program it was partly a matter of expediency and partly of policy that 
the center of gravity remained in the scientific staff. The policy adopted meant, 
especially at the beginning, a gain of unity in the Laboratory. It entailed, 
undeniably, a loss of administrative efficiency. 

3»23 The Personnel office, in particular, illustrates these remarks. 
The Director, hughes, ras a physicist with administrative experience as Chairman 
of the Department of Physics, vVashington University. The organization of the 
Laboratory was such that the Personnel office was almost entirely dependent upon 
the representations of Divisions and Group Leaders. 

3.24 Apart from its connection with the Divisions and Groups of the 
Laboratory in natters of employment and salary, the Personnel Office had charge 
of a Santa Fe office of the laboratory (for receiving and employment), and of the 
Housing Office at the site. Under its jurisdiction fell personnel security, draft 
deferment, placement of military personnel assigned to the Laboratory, and certain 
miscellaneous matters. Although the scope of the present history -does not include 
the affairs of the Los Alamos Community, the Laboratory became administratively 
involved in a number of these - particularly when, through their effect on the morale 
of the laboratory staff, they had a bearing upon the success of the work. Although 
these matters v/ere not all under the direction of the Personnel Office, they 

belong by their content to the present section, - 
H0U3IK0 AND OTHER C.OJfcUMTY AFFA IRS. 

3.25 One of the most urgent community problems at the beginning wae 
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the construction and organization cf a school Tor the children of Los Alamos 

/ 

residents. There had been at the old L03 Alamos Itanch School a small public 
elementary school for the children of • its employees. In view of the Laboratory's 
small original size it way believecl that the old building would be adequate for 
the Project's elementary school, and that a high school could be established, 
making use of another of the original Los Alamos buildings. This plan soon 
proved unfeasible, and a Jchool committee was appointed by the Director and the 
Commanding Officer, Col. J # Id. Harmon, succeeded shortly thereafter by Lt. Col. 
Whitney Ashbridge. The committee made plans for a school building, and supervised 
the planning of curriculum and employment of teachers. The committee employed 
•Y. iV. Cook of the University of Minnesota as consultant, A building to house 
the elementary and high schools was designed by Cock and Brazier. Construction 
was begun Lite in the summer of 1943 * and by virtue of a high construction 
priority wps completed in time for the opening of a fall school term. The 
committee was continued as a school board through the Project's history. 

3.26 The elementary and high schools were operated as free public 
schools, salaries and procurement expenses being borne by the Government through 
the contractor, A nursery school, for which a building had been provided in the 
original plan of construction, was operated on a partially self-supporting basis. 
This school made possible the part-time, or more rarely full-time, employment of 

v won;en with young children. In this case the financial deficit was also carried 
by the Government • 

3.27 Another matter in which the Laboratory administration was 
interested was Uat of community representation in the civil affairs of Los 

a. lames. In June 1943, 1 "Community Council" was established and its members 
elected by popular vote. This superseded an earlier appointed corunittee. It 
•was intended to be purely advisory in its function, In its first form it was 
a body elected only by the members of the Labor?* t cry und their wives, and did 
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not re pre -;ent the entire corununity. Tt was advisory, not to the Commanding Officer, 
but to the laboratory administration. In August 1943 * more representative 
council was approved by the new Commanding Officer, Lt. Col, .Vhitriey Ashbridge, and 
the Laboratory Director. This council met with representatives of the laboratory 
and the Commanding Officer. The Council wa3 regarded by some as a thorn in the 
side of the community administration. At times it was. The council sought, however, 
to guide its deliberations and recommendations by the single standard of the success 
of the i roject. Sometimes its recommendations could not be carried out because of 
limitations of manpower and material. Sometimes the limitations derived from th€ 
customs of army administration. On the other hand many recommendations were 
accepted. Under the guidance of the council a system of small community play 
areas mtgem built for the children of the Post. Traffic laws were written with th« 
advice of the council, which also acted a3 a traffic court under a voluntary fine 
system. Other topics frequently considered were: the operation of post exchange, 
messes, commissary, milk supply, maid service, public transportation, hospital. 

3.23 A major community problem, which dogged and in many ways hampered 
the Laboratory from the beginning, was housing. Los ALamos was originally 
conceived as a small community of research scientists, more or less stationary 
in character, while in fact it developed into a Large and complex industrial 
laboratory. Much of this development could not be foreseen, coming as it did from 
self-development of the research program. The housing problem was such as to put 
a const mt drag upon the efforts of the Laboratory to get ana keep an adequate staff* 

3.29 Construction at Los Alamos was not easy. Growth of population 
strained power and water supplies. Construction was expensive of critical manpower 
and materials; the presence of a large group of construction workers put a further 
strain on community facilities. These difficulties, moreover, plus a constantly 
shortening period of amortization, necessitated cor res oondin* cheapening of 
construction. To the shortage of housing therefor*., wa.:. a iled a troublesome 



3.30 The drag upon Laboratory expansion caused by the difficulties of 
maintaining an ade--.ua te rate of housing construction is illustrated by the fact 
that it was twice necessary, and a third time almost necessary, to make use of 
outside housing facilities. It has been mentioned that at the very beginning of 
the Project members of the Laboratory had to be housed temporarily in nearby 
"guest ranches". By the beginning of summer, 1943, the original housing 
accommodations were filled, and new housing was not yet provided. For the period 
of June 19 - October 17* therefore, the Troject acquired from the Park Service, 
and operated Frijolea Lodge at the Frijcles Canyon headquarters of the Bandolier 
National t'onument, fourteen miles from Los Alamos. After its acquisition for the 
purpose by the Albuquerque District Engineers, Frijoles wa3 operated under the 
jurisdiction of the Personnel Office. For this purpose the Laboratory obtained 
the services of 3, A. Butler, Assistant Manager of La Fonda, Santa Fe, who 
later became Assistant Personnel Director, Frijoles Lodge was used again from 
.July 17 to August 5, 194A when the Project faced another critical housing shortage. 

3.31 Another facility in which the Laboratory had an administrative 
interest was the community hospital. This hospital was operated for the benefit of 
military and civilian personnel at Los Alamos, under the jurisdiction of the Chief 
of the Medical Section of the Manhattan District. The existence and excellent 
record of this hospital was an important contribution to Project morale. Another 
important function of the hospital was its cooperation with the health and safety 
program of the Laboratory, whose work is discussed in detail in a Later section 

(3.WT). 

SECURITY ADM INIST RATIO N 

3«32 It would bp difficult to exaggerate the security precautions 
that were taken at the beginning of the Project, particularly in connection with 
personnel* During the early period, moreover, the administration of security 
policy was a matter of importance not or.ly in safeguarding in for nation, but also 



bee rise of the effects of restriction on morale, and the possibility that serious 
breaches of security might lead to the imposition of even more stringent external 
control, 

3.33 tor €learance of personnel for work on the project wa3 arranged 
through the Intelligence Officer stationed at the site. This procedure was slow 
and cumbersome, especially in the first months. In September 1943* a plan was 
approved to supplement clearance where necessary by an interlocking 3ystem of 
vouching for the loyalty and good faith of the members of the Laboratory, 

3.34 The administration of security matters pertaining to Laboratory 
personnel ; nd their families was delegated to Hawkins as Contractor's security 
agent, with the assistance of a security committee composed of himself, Manley, 
and Kennedy, meeting with the Intelligence Officer, 

3.35 uecurring topics of discussion in the security committee were 
the pass and badge system, the monitoring of the laboratory for classified 
material left unattended, the means of preventing classified discussions in the 
presence of outsiders, the publication and revision of security regulitions. 

3*36 The most irksome restrictions placed on the laboratory sta£f 

were those affecting personal freedom. Travel outside a limited local area, and 

any contact with acquaintances outside the I reject wis forbidden except <5n 

Laboratory business or in cases of personal emergency. In the main these 

restrictions were accepted as concessions to the general policy of isolation, 

A small group thought they were not strict enough, and no one was satisfied with 

» 

the working definitions of "personal emergency". The removal of these restrictions 
in the fall of 1944 was a cause of general relief after a year and a half of 
extreme restriction.. Another feature of Lhe security polic. Tr of Los Alamos was 
censorship of mail. This ris umr.iu,l in itself, and amusing in the circumstance 
from wh ich it began; namely, the- suspicion, of unannounced censorship. Not long 
if tcr the laboratory be ? < • : this su...pic Ion spread as a runor, A certain amount 
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of evidence that Tetters had been opened was presented, varying considerably 
in quality. Once started, such a rumor would no doubt have spread in any case. 
The Director, who wis in no position to guarantee that such censorship was not 

t 

occurring, made strong representations to the office of General Groves. An 
investigation was instituted by General Groves, which brought a negative result. 
Under the circumstances, however, it was urged by many members of the Laboratory 
that official censorship be instituted and this was done in December 1943. Once 
begun, censorship did serve as a deterrent to the inadvertent spreading of 
information about the Project, of a sort which might contribute to consistent 
rumors and continuing public interest in its activities. Censorship was carried 
on by a standard military censorship office located in Santa Fe, under the direction 
and with the advice of the Intelligence Officer, Captain P. de 3ilva. 
SALARY POLICY AND ADMINISTRATION 

3.37 The most pressing problem of personnel administration in the 
early months of the laboratory was that of salaries. Salaries for scientific 
employees were determined by either of two standards. One standard was the OSPlD 
scale, based upon scientific degrees held and number of years since their conferment. 
The other was the "no loss no gain" principle, with provision that individuals 
from academic positions, whose salaries are norn&lly based on a ten-month year, be 
paid at twelve-tenths their previous rate. One source of difficulty was that men 
from industry had received a higher rate of pay than those from academic positions. 
Another wis that technicians, men without academic degrees but often with considerable 
technical skill, had to be employed at the prevailing rates in this labor market. 
Although technicians ranked below the younger professional scientists, they often 
received higher salaries. A final difficulty was that a general commitment had been 
made to a policy of length of service and merit increases, but that no administra- 
tive mechanism existed to implement it. 

* 

3-33 The first ^najor responsibility of Hughes, upon his arrival in 
June 1943, wus to prepare a set of recommendations on salary policy, based upon a 
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survey of this ai.d other comparable laboratories. This statement of policy 
proposed v.- it h in the regulations of the National ! .7ar Labor ; 3oard a salary scale 
for the* v rious classes of laboratory employees, and a plan for %age and salary 
increases. According to this "plan the younger scientists would be employed at a 
rate determined by the 03RD scale previously followed, and their rate of salary 
increase determined accordingly. No provision was made for increase of salaries 
above $400 per month, which were virtually frozen, 

3*39 The proposed salary scale and schedule of increases was 
presented for approval to the Manhattan District and the University of California 
in June* Approval was however postponed. A further effort to obtain approval was 
made in October and again in December. At this time it was learned that certain* 
formal changes had to be made because of changes in national policy. After 
appropriate modifications had been made, approval was further postponed until 
January, when a conference was held on the subject at Los Alamos. Approval was 
finally granted February 2, 19UU, after a year of operation. During this period 
no system of promotion was possible, although the proposed policy was follov/ed in 
determining the salaries of individuals newly hired. 

3. AO The chief difficulty in matters of salary increase and promotion 
concerned the younger scientific group who had been hired under the OSRD scale. 
This scale, being based on length of time since conferment of academic degrees, 
made provision for an annual salary increase, which however would not be approved 
by the Contracting Officer, Lt. Col* 3. L. Stewart, in the absence of an approved* 
Laboratory salary policy* Ineauities, as measured by the degree of responsibility 
and usefulness of various individuals, were numerous both within this OSRD group 
and between it and those who h<d been employed on a "nc loss no gain" basis. 

3.41 Final agreement about salary policy w.-^s not reached until the 
end ox" the war, but improvement resulted from a reorganization in July X9AA 
(3»56ff) at which time a new working agreement was readied. 
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DRAFT DEFERMENT 

3.42 The Laboratory policy of draft deferment reflected its general 
personnel and security policies. Because of the absolute scarcity- of trained 
scientists and technicians in the United States during the war years, every 

■ 

effort had to be made to prevent induction of men in these categories whose 
services were essential and satisfactory. It was desirable from the standpoint 
of security that the turnover of such personnel be kept at an absolute minimum. 
On the other hand the requirements of secrecy made it impossible to give 
Selective Service any real information concerning the nature and importance of 
the Laboratory's program, or of the work of an individual. Ihe average age of 
scientific and technical employees, moreover, was under thirty, which placed the 
great majority in the draft-vulnerable category. (See graph 1 in appendix). 

3.43 Because of the very importance of the Project, paradoxically, 
deferment of Laboratory employees was a matter of some complexity. Dennes came 
to the Laboratory empowered to act in deferment matters as Representative of the 
University War Council. The position was later assume* by Hawkins. By the time 
of his departure Dennes had rescued relations with Selective Service from the 
confusion unavoidable in the first days of laboratory organization. 

3.44 The most essential Selective Service liaisons were with the 

Mew Kexico State Director of Selective Service and the Selective Service Agencies 
of tie Manhattan District. Prom the former the Laboratory enjoyed the utmost 
cooperation in all matters pertaining to Selective Service rules and policies, and 
their interpretation. From the Selective Service Office of the Manhattan District 
and from the hashing ton Liaison Office the Laboratory received the greatest 
consideration In difficult individual cases. 

3.45 Host developments in draft deferment procedure were only 
technical and did not reflect a change of policy. As the war progressed and the 
ne^ds of the Army and Navy increased, defernent requirements became more stringent. 
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The Laboratory therefore depended increasingly upon, official certification of its 
needs by the Manhattan District. In February 1944, the vYar Department adopted 
a policy forbidding the defer:;»er,t of men under 2? years of age in the employ of 
the Departs nt or its contractors. There wis in the Laboratory a small but highly 
trained and essential ^roup under 22. Under the circumstances they could not be 
deferred, ^hen these men were inducted, therefore, there was no choice but to 
have them reassigned to the Laboratory as members of the Special Engineer 
Detachment, 

PERSONNEL PRCCUHEIENT 

3*46 Jane mention has been made in Chapter I of the difficulties in 
staffing the original Los Alamos laboratory. Its subsequent growth, moreover, was 
such that the working population doubled f on the average, about every nine months. 
Although a declining proportion of new employees were of scientific staff 
classification, the absolute number increased month by month until airiest the end 
of the war. (Jee graph 2 in appendix). At the same time the difficulty of 
finding competent scientists increased. The difficulty was greatest in the 
upper technician and junior scientist brackets. Senior scientists were needed 
in small numbers, and were usually well-known to members of the Laboratory, They 
were in many cases, anxious to ioin the Laboratory, and releases from less 
critical work, or in some cases from other Manhattan Projects, could be obtained 
through the efforts of the V/ashin/jton Liaison Office. Junior men were needed in 
great numbers, recruiting trips to universities, however, were impossible because 
of security regulations. In November 1943* the assistance of Dean Samuel/ T. Arnold 
of :3rown "niversity w£s obtained in these natters. An arrangement was also made 
with ' * i * Trytten of tie h ! -*t ion;<l Foster of Scientific and Technical Personnel by 
which he could spenr a part of his tune visiting universities and employing young 
scier;'. if ic personnel for the lalcrr.tory. Trytten was of assistance to the laboratory 
for ; periuu :S. .'sever--. 1 monti s # .rnol i reix-. ined as lia is on in '.'asr ir:.r^ on in 
p* r;..-nr.cl r/t i.rors thrc-v. f lxu*. I'- ( course of the Froject« 

* II "A Jill 1 , J 



MILITARY PERSONN EL 

3.47 - small number of officers of the Array and Navy with scientific 
training were obtained at various times for work in the laboratory. The largest 
group of military personnel in the laboratory came, however, from the ./omen's 
Army Corps, and as enlisted men in the Special Engineer Detachment (32D). The 
latter detachment was originally established as a small detachment (about 300 for 
all Manhattan Projects) in which men essential to the work of the Manhattan District 

> 

could be placed in cases where deferments were no longer possible. At a time when 
junior scientific personnel were extremely difficult to find, (November 1943) the 
laboratory was informed that a group of new graduates of the Army Specialized 
Training Frogram would be available at the beginning of the year and could be 
assigned to the laboratory in the SED* 

3.43 Although it remained the basic policy of the laboratory that its 
work should be carried out on a civilian basis, it had become clear that young 
civilians, of the type most urgently needed, were increasingly difficult to find. 
They were in fact being rapidly inducted into the Army, where in many cases, their 
assignment would be less appropriate to their training than if they //ore transferred 
to the 3ED. The inconsistency and potential personnel difficulties involved in 
obtaining these men were fully appreciated. In view, however, of the Selective 

* 

Service policy that resulted in the induction of many men from essential fields 
already seriously undermanned, there was no choice but to welcome into the 
Laboratory all technically trained enlisted personnel for whoa civilian counter- 
parts could not be found. From a tabulation made in May 1945> it was found that 
29 per cent of all SED personnel held college degrees, including several Doctors 
and Tasters decrees, "ost of the degrees were in the fields of Engineering, 
Chemistry, Physic 3 -.nd Mathematics. (See graphs 2, 3 -'*-nd 4 in appendix) • 

3*49 In the cise of the '.'AC detachment also, several competent 
scientists were obtained, as well as a larger number of technical and office 
workers. (Sec graph 4 in appendix). 

wm ^MV'i 
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3*50 The personnel policy regarding enlisted men and women was in 
, essence identical with that for civilians, with obvious adjustments. After 
arrival at the site and assignment to the Laboratory, all further matters of 
placement, job classification, transfer and promotion within the laboratory were 
under the jurisdiction of the laboratory Personnel Office, 

3.51 The establishment and rapid growth of the JED at Los Alamos 

brought a number of administrative problems connected with the morale, accommodation 

and working conditions of the group. The most serious problem arose from the 

shortage of multiple unit housing, which made it impossible for the Post Administration 

to provide quarters for married enlisted men. Further, Major P. de Silva objected 

of 

to the hiring (except as nurses/ the wives of enlisted men, although they could have 
been quartered in the dormitories for women workers on the project. Also security 
regulations made it impossible for them to bring their wives to Santa Fe or other 
nearby communities. Security restrictions against travel and association with 
persons away from the project worked therefore a very much greater hardship on 
enlisted personnel than on civilians, whose wives and children lived at Los Alamos. 

3.52 Another problem was created by the fact that military promotions, 
which were the responsibility of the 3ED Commanding Officer, were also the only 
material means available for recognition of responsibility and excellence in 
technical work. The SED Table of Organization permitted promotion of one-third 
of the men to each of the grades T/3, T/4, T/5, with the provision af. about one- 
tenth of those in T/3 could be promoted to the ranks of Technical and Master 
Sergeant. Since the great majority of the men arrived with a rank nc greater than 
T/5, there wa 3 , at least in the first period, ample opportunity for promotion* The 
ground and rate of promotion had, however, to be agreed upon between the SKD 
Commanding Officer and the Laboratory, and for several months no such policy was 
firmly established or consistently followed,* 
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3.53 A third difficulty arose from the conflict of military and 
technical duties. Although the official hours of work in the Laboratory were eight 
hours a day for six days a week, it was the practice of many groups in the 
laboratory, particularly research groups, to work more irregular and usually much 
longer hours. This practice created conflict with barracks duties and formations. 

3.54 The presence of other detachments (engineer and military police) 
required some consistency of treatment of the military personnel in accordance with 
the usual military organization. However, a number of 3teps were taken which 
improved the position of the SED, although they did not entirely solve its problems. 
In June 1944, general supervision of the military administration of SED matters was 
given to Major P. de Silva. As Intelligence Officer his work brought him into close 
connection with the Laboratory Administration. In August, the regulation forbidding 
travel and outside social contact was relaxed for military personnel in the 
Laboratory so that they might visit their wives and families on furlough. In 
August, also, Major T. 0. Palmer was appointed Commanding Officer of the SED. A 
Large part of the credit in maintaining SED morale under difficult conditions must 
be given to Major Palmer. A system of promotion recommendations by groups and 
divisions was soon worked out which was satisfactory to him and to the Laboratory 
administration. The problem of conflicting duties was not and perhaps could not 

be solved adequately. The amount of overtime work done by many groups and 
individuals required essentially civilian conditions of life. 
CONCLUSION 

3.55 The J^iboratory personnel department found itself confronted by 
an unusuLlly braid range of difficulties. To the problems of a peacetime urban 
laboratory were added those of a special military and civilian community, the 
whole being complicated by a corresponding duality of jurisdiction. 

3.56 TV,-) greatest' single difficulty was undoubtedly that of salary 
policy, 7h<' f • c ' ' < s st-itfd are by no me ins s elf- explanatory* As tr ' : - matter 



underlying reasons for these difficulties were somewhat as follows i The 
laboratory did not enter the scene as a going concern, such as would have been 
the case with a large contracting corporation or a university operating with its 
own staff in its own plant. The University of California was, on the contrary, 
remote from the concrete problems of laboratory administration. Both the general 
salary policy and its detailed administration, moreover, were under the supervision 
and subject to the direct veto of the Contracting Officer, Lb. Col. Stewart. He, 
however, on whom the responsibility devolved, found it impossible, because of his 
situation, to discharge it to the satisfaction of the laboratory. He was stationed 
in Los Angeles where his services were urgently needed in connection with 
procurement matters (3»78) * he had only general and overall acquaintance with the 
problems of the laboratory. Either of two conditions would have remedied the 
situation: (l) That the laboratory have a strong well-organised personnel office, 
capable of representing its need with sufficient consistency, detailed justification! 
and vigor to compensate for the Contracting Officer's remote position; or (2) That 
the Contracting Officer be stationed at Los Alamos, where he would be in a position 
to- understand the detailed needs of the laboratory (cf 3«17j 3.22). As matters 
finally developed, it was the partial satisfaction of both conditions that tended 
to solve the Laboratory's salary problems. 

3»57 In fact by June 1944 it was apparent that a considerable 
administrative reorganization was necessary. Hughes' previous experience and 
Los Alamoa function had been primarily in the building of a competent scientific 

n. 

laboratory staff. The rapid expansion of the laboratory and its ramification in 
many directions not covered by the term research created personnel problems of 
a new and different order. After a year spent in building up the scientific staff 
of Los Alamos and seeking to formulate and work out its personnel policies under 
increasingly difficult cohditions, Ifughes returned to his previous position at 
Washington University. His position was taken by G\ D. Shane cf the Radiation 
Labor**- lory, Berkeley* As his general assistant Shane brought Roy Clau3en of the 
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University of California. Armand Kelley, formerly at the Metallurgical Laboratory 
of the University of Chicago was brought as an expert in .-natters of salary and 
salary control.. Hawkins, who had until this time been only loosely connected with 
the Personnel Office, was made responsible under )hane for draft deferment and for 
military personnel matters. 

3.5# The most serious personnel problem at this time was still that of 
salaries. After reviewing the situation in the Laboratory in June, Shane had 
accepted the position as Fersonnel Director with the understanding that matters 
of salary control he and his office would have a reasonable degree of autonomy, not 
subject to veto by the Contracting Officer except in terms of Federal salary policy 
and regulations. As was stated above an agreement with the Contracting Officer to 
this effect was reached in July 194A. 
Business Office 

r 3.59 In February 1943, shortly before the administration of the 

Laboratory moved to Santa Fe, the University of California appointed J. A. D. Wuncy 
as 3usines3 Manager for the laboratory. His responsibilities included all the 
normal activities of a business office, but security restrictions put quirks into 
its operations and added a number of unusual functions. For security reasons it v 
had already been. decided to locate the Purchasing Office in Los Angeles (1. 12). 
It was considered desirable to have the Accounting Office physically connected with 
the Purchasing Office. For this reason a general business office in Los Angeles 
for the most part took over operations from the Business office at the point where 
money was disbursed. Complete records of all transactions were kept in that office, 
and government and university audits were made there. In practice, however, a small 
account maintained in the Santa Fe bank for emergency purchases, travel advances, 
and for casring personal checks _ for Contractor's employees reached considerable 
proportions. It was, in fact, t e sec ond largest account in the bank, and since 
it was in I.uncv's n:jne , he frequently received circulars from charitable organisations 




suggesting large contributions. 

* 

3.60 The "normal" functions of the Business Office were payroll 
control, issuance of travel advances and preparation travel expense bills, 
procurement of materials on the emergency purchases fund, maintenance of records 
for workmen's compensation and for the California State Employees* Retirement 
System to which employees of the University were obliged to contribute after 
six months of employment. 

3.61 Scientific workers were not permitted to maintain accounts in 
the local bank to avoid giving the bank a list of laboratory personnel. Iftis rule 
was maintained for all monthly salaried employees. The Business Office at the site 
therefore made up the monthly payroll and forwarded it to the Los Angeles office 
where checks were written and mailed to the banks designated by the employees. 
However, in 19^3 the Contractor employed a large group of laborers and construction 
workers who were paid on an hourly basis, and beginning in January 1945 the salaries 
of machinists and other shop workers were computed on an hourly basis. These 
payrolls were made up, and checks written by the Business Office at Los Alamos. 
Approximate monthly payroll figures of -550,000, $160,000 and $175*000 for the 
months of June 1943, 1944 and 1945 respectively, indicate the tremendous growth 

of the staff of the project. The payroll for hourly workers in June 1943 was 
roughly $23,000, in June 1945 it was approximately $130,000. The figure for 1944 
is negligible, covering substitute school teachers and some part-time clerical 
workers. (See graph 2 in appendix). 

3*62 In keeping payroll records at the site there was considerable 
difficulty with accurate records of attendance. The university procedure of 
having a supervisor certify monthly that all employees in his charge were present 
with the exceptions noted wis not considered adequate by the Manhattan District. 
On the ether hand, certifications by the £roup leader as to attendance by days and 
h: s .l f-'iays vrus -ecus hk-re'n c or. >pl€tt ly Impractical bv tY.c direction of the Laboratory 
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for a number of reasons: personnel was too scattered, particularly in those 
groups doing field work: scientific workers frequently worked at night though not 
on regular shifts , Scientific workers often worked a good deal more than 43 hours 
a week, and since the contract did not allow for overtime payments it was felt that 
deductions for absences could not reasonably be made. The only procedure used 
until September 1945 for the scientific and administrative staff was a negative 
report made monthly by each employee, without any group leader certification. 
Although this system was never considered satisfactory, it is probably true that 

■ 

a more rigorous control would have imposed an almost prohibitive administrative 
burden, and would have had an unfortunate effect on the morale of scientific 
workers who were actually giving more than 48 hours a week to project work. 

3» 63 Reimbursement for travel on project business was handled in the 
same manner as the payroll. Although advances were issued from the local account, 
travel expense bill3 were forwarded to the Los Angeles office and checks mailed 
from there to the bank of the payee. 

3 #64 The emergency purchases fund was used for materials for which it 
was not practical to route the request through the Los Angeles Purchasing Office, 
either because of the urgency of the request or because of the character of the- 
materials. The bulk of the material purchased on this fund in 1943 fell into the 
former category, since it was mostly construction supplies needed imnediately for 
work being done by the Contractor. The amount of disbursements from this fund in 
June 1943 was approximately $23,000, and in June 1944 it had dropped to $4,000. 
In the latter year the materials purchased were principally batteries, dry ice 
and cylinders of gas, items not suitable for shipnent from Los Angeles. In June 
1945 f during the preparations for the Trinity shot, some $38,000 were spent for 
miscellaneous iter.:?, ranging from radio tubes to canvas wat.r bags, plus an 
increased voli;::ie of the noma I batteries, gases, etc. Among the unusual purchases 
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made with this fund were 33 cows which apparently had suffered radioactive burns 
during the Trinity test, 

3^65 One of the firat of the somewhat extraordinary duties of the 

■ 

Business Office was handling the financial end of the temporary housing mentioned 
in Chapter 1. The cost of opening and operating the ranches used made the 
expenses to employees considerably* greater than they would have been at the site. 
It was felt that the project should assume this extra coat since housing was not 
ready at the site as it had been promised. The Contractor therefore operated tha 
ranches and billed each individual or head of family for the amount of his living 
expenses at the site (rent plus $25 per month per person for food). In all, flva 
ranches were operated from the end of March to the end of Kay, 1943 at a cost of 
some #7,000. Claims for damage to the temporary housing occupied by Contractor's 
personnel were also settled by the Business Office, with the assistance of the 
Contracting Officer. 

3 #66 Other unusual functions of the Business Office stemmed for the 
most part from the attempt to prevent a list of personnel accumulating outside 
the project. Thus personnel were requested not to cash personal checks in Santa Fe, 
and check cashing facilities were provided at Los Alamos. By 1945 the daily 
average of checks cashed was between $3*000 and 34,000. All personal long distance 
calls and personal telegrams were charged to a Business Office account and the daily 
. telephone bill increased from #57 in June of 1943 to $745 in June 1944. "/hen 
New Mexico income tax returns were due, the Business Office assigned a number to 
each employee, and reported to the income tax bureau the amount of income paid to 
that number in ?Jew ?. f exico during the year. The employee then used his number instead 
of his n'-.me on hi3 return. 

3.c7 It can be "seen from this brief account that the volume of work 
handled by the Business Office srevt cons iderably beyond wh'.t had been anticipated. 
In spite "f ti e limitation impo j '■>;■; the availability 'of housing, the staff 




increased to some 15 people by mid- 1945* It i3 clear, however, that the decision 
to keep the main accounting office in Los Angeles was a wise one, both became 
of the advantage of proximity to the Purchasing Office, and because its staff, 
which grew to some 70 people, would have required a housing project all its own 
at Los Alamos* 

3*68 Because security regulations made it impossible for personnel to 
take out new life insurance and because of the extra-hazardous character of the 
work done at the Project, the problem of providing insurance for employees proved 
extremely complex and was never adequately solved, although a long series of efforts 
were made by the Director's office in cooperation with the Business Office, When 
the project was organized, employees of the technical area were covered by an . 
OSHD health and accident policy {Appendix 7, No. 9 ). covering injury, illness or 
death, placed with the Fidelity and Casualty Company of New York* In September 
1943 this policy was replaced by Manhattan District Master Policy 1 with the Sua 
Indemnity Company (Appendix 7 , No* 10 ) which offered additional benefits including 
extra-hazardous insurance* In July 1944 Master Policy 1 was replaced by Master 
Policy 2, (Appendix J, No* H ) with premiums to be paid by the individual or the ' 
contractor rather than by the government. Master Policy 3 (Appendix 7, No. 12 ) 
provided for accidents not arising out of employment. At about this time there 
was considerable discussion of the fact that the extra-hazardous insurance 
policy in effect for people working- on radioactive substances was inadequate, 
since no provision was made for the fact that \njuries might not appear for 
10 or 15 years after they were received* Eventually this problem was solved 
in part by a special arrangement made with the University of California . A 
fund of $1,000,000 was deposited with the University by the Government to be used 
for payment by the University with the consent of the Government of up to $10,000 
for injuries resulting from a number of specified extra-hazards listed in a secret 
letter to the University^ (Appendix 7, No. 13)* Statutory T //orkmen f s Compensation 
of the State of New Mexico was provided by the Contractor for all persons assigned 
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permanently to work in New !.!exico» Th€! total of clairrs paid under Vorkmen's 

S > 

Compensation through December was only vl#,0GO, of which 51?-, 000 covered 

death benefits for two laborers killed in a rioter vehicle accident in .1943. 
Accident policies essentially the same as 1'aster Policies 2 and 3, which expired, 
were made available in September 1944 for purchase by individual employees. For 
some tin:e there was no coverage for travel on non-commercial, non-experimental 

aircraft used by project employees, but eventually this w&s~~coWrecT cy^^pexsonai 

..accident policy with Aero Insurance Underwriters for civilian employees. 
Procurement 

3*69 The community *s isolation created many problems but the most acute 
» and serious of these were faced by the Procurement Office. Supplying a large 

■ 

research Laboratory from the ground up is in itself a difficult task; doing this 
secretly, in wartime, 1200 miles from the nearest Large market and 100 miles from 
^ the nearest rail and air termini 1 would appear to be an impossible one. Yet the 

Procurement Office succeeded in overcoming all the obstacles of time, space and 
security, and in satisfying the exactinr and apparently insatiable de,mands of the 
Laboratory. The fact that the Laboratory was able to meet its tight time schedule, 
is a tribute to the Competence and efficiency of its Procurement Office, pjuided from 
the beginning by D. P, Mitchell, of Columbia University. 

3*70 In February 1943, .'itchel.l, Oppenheimer, and sever' 1 other 

v. 

* scientists met with repres -nta 1 ' ves of the -.nay ar.d of the Una versify of 

California. to discuss purchasing policies. |^.t the insistence of the Uhivsr sity, 
it was agreed th^t all natters of pure!, as in': ^nd payments would be administered 
directly by members of the university staT:' , :ini within their entire discretion as 

V 

*■ 

to appointees but subject to the general supervision of tre Contracting; Officer. 
In effect, this meant that while 'itcheli was in charge of ordering materials for 
/ the Laboratory, the actual pure has in" v:ouL1 be done by University appointees* This 

creaiiizatione L eaa.alicit Ion 'U^a^t": ;•: i th it an additional, sec e-ity com; 1 v-at, i - a - 
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the Univers - ' ty's [u-ch-i^iry office wouli have t o be located in Los ingeles, and 
its em] loyoej wou] i not be permitted to corne to Los Alamos, to deal directly with 
persons ;L cin r or iers, or to knw a.ythin--; about the work of the Laboratory. 

3,?1 At about this tlie, the basic policies which were to govern 
Mitchell as ) rocurement Officer were outlined. He was to be guided primarily 
by the necessity for speed and was not to be held responsible for the kind or 
quality of items to be purchased. He war; to be authorized to place orders by 
requisition:; signed by qualified ;ae;:bers of the scientific staff, such requisitions 
to show quantity, description of item, date required, urgency and suggested source. 
On the basis of the ordering individual's statement of urgency, Mitchell wouM 
judge the decree of priority required, and the means of coranunication and trans- 
portation to be used in order to meet the delivery date. Primarily the policy 
of the 7rocure;ner;t Office was to supply the needs of the technical staff as 
promptly as possible, and with as little red tape as possible. Orf t^e whole, this 
policy was maintained successfully. 

3.72 A great many things had to be ordered before the laboratory could 
begin to function, and until the Los Angeles Purchasing Office was established, 
such purchases were irade through the Purchasing Office of the Radiation Laboratory 
at Berkeley. 

3.73 The Los Angeles office was organized by D. L, <7ilt and was .in 
operation "arch 16, 1943. After oepter.iber 1943, E. JJyhre was in charge of 
this office. In early discussions about procurement it was proposed that branch 
purch' .3 irig ofTJ_cea frg. established injtewj?^^ to be subordinate to 
the Lea Angeles office. These were set up in April 1943. Vjtcept in cases of 
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unusi:a 1 emergency the laboratory's ■ rocurej.ient Office dealt directly only with the 
Los Angles Office, either by rail or teletype. -Requisitions for iteais not readily 
avail ib le in the Los Angeles area were forwarded to the New York and Chicago 
brar.c' *■ > from Los Angeles. The three ^Afk-es * oqe f 1 er employed a tot .. 1 of about 



3C0 t t) < ir peck, including 33 buyers and 2*. expeiiters. An average monthly 
do Hi r volume was about • .'-400, '300 cove r> in. 7 an average of about 6,000 items 
purchased. However, in the peak month (?*ay 1945) these fibres were over a 
million dollars for more titan 10,000 items, (oee graph 7 in appendix;, 

3.74 A certain amount of loc^l purchasing was permitted. At first 
"local" wis defined as a radius of 500 miles including Denver, but as security 
restrictions tightened, "local" was limited to a radius of IOC miles, including 
Albuquerque. Originally local purchases were intended to satisfy only emergency 
needs for items not obtainable through normal channels in time, and authorization 
for such purchases had to bp secured from the Business Office. later, however, 
local purchases became a re mlar function of the irocurement Office, and included 
not only emergency it eras but also inany bulk items such as fuel and building 
supplies, which could be purchased advantageously from local suppliers. In no 
case was it possible to place itens on back order or ask local vendors to place 
orders for the Laboratory, For security reasons, purchases were made in i!uncy ! s 
name. The Post Supply Section, under the able direction of iiajor Edward A. 7/hite, 
was frequently called upon to supply various items for the Technical Area. A 
system was set up whereby the Technical Area could requisition on Ikjor Thite'a 
office and this channel of procurement was of no small help to the technical work. 

3.75 As has been mentioned before (1.17), the first groups of 
scientists brought with them a cyclotron, a Van de Graaff generator, a Cockeroft- 
'Valton accelerator, and a certain amount of electronic equipment. Aside from 
these things, there was nothing at site Y to constitute a laboratory, l.tost of 
the scientists had come fro.m universities where they had fairly well-equipped 
laboratories and stockrooias which had been building up supplies in specialised 
fields for years . : : th.in a few months, the i'rocurenent and Furcfa-.sing Offices 
had completely to e ; uip ply sic 3, c >;i;istry and electronics laboratories as well 

• iso to pre;.' t r stockrooms cf suprii... s i or these laboratories 



and shops. The ran^e of materials required for this task was incredibly great - 
( y everything from women's work clothes to ten-ton trucks. It has been stated 

without exaggeration, that in variety of items the requirements of this Laboratory 
exceeded those of Bell laboratories, one of the largest research organizations 
in the world. The Procurement Office bought such things as rata, meteorological 
balloons, sewing machines, restaurant equipment, jeweller's tools, and washing 
machines in addition to what might be considered standard items of shop and 
laboratory equipment. At the time the Procurement Office for site T was organized, 
early in 1%3, the nation's industry had been thoroughly converted to war 
production, Stockpiles were running low in many items considered standard for 
research laboratories but not important for any other wartime use. Some things 
were almost completely unavailable, others could be secured only with high 
priorities. Project X was assigned AA-1 priority by the War Production Board, 
but often it was necessary to" request the District's help in securing higher 

(' 

priority or a WPB directive for particular items. The Procurement and Purchasing 
Offices succeeded in having equipment on hand almost as soon as there were 
buildings to house the various laboratories. Stockrooms were ready in short order - 
one for chemical supplies - K stock, one for general laboratory supplies - S stock, 
one for special electronic supplies, and one for each of the shops. 

3«76 Once the various laboratories were established, the task of the 
Procurement Office became that of meeting the continuing demands of the scientific 
and technical staff for equipment, and keeping stockrooms adequately supplied. 
Responsibility for the electronic and shop stockrooms was turned over to the 
various operating groups. The duties of procurement could never become routine, 
because of the laboratory's continuous expansion and becauie of the constant and 
necessary changes in the technical program. Since the laboratory was operating 
on a ri^id time scale, time was always the most critical factor, and shipping 
.1.3 ct .! orvs m'-. le by the Yroc\-.rw. *j\ ,t Office on re .uisitions sent to the 

<:.a • 'f * ice were oft'.-, ex*" r«. tlj import \rt, * <;•" 1c r, , I failure cf the 
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Purchasing Office to carry out shipping instructions precisely was one of the 

/ 

/ , minor sources of friction between the two offices. On several occasions the 

Procurement Office was obliged to reorder by air express an item that was 
being shipped by freight contrary to instructions. Waiting for freight delivery 
would have meant holding up vital experiments that would cost much more in time 
and money than the cost of duplicating an order. 

3.77 Second only to time in importance was the question of security , 
and this too caused innumerable difficulties to the Procurement and Purchasing 
Offices* For security reasons Sitt Y was located far from any large city, and 
therefore separate purchasing offices had to be established in marketing centers. 
For security reasons, the employees of these purchasing offices could have no 
direct contact with the using groups at the laboratory, could know nothing about 
the work of the laboratory, and therefore could not understand its significance 
or appreciate the urgency and responsibility of their own work, anployees of the 
Chicago and Nev/ York offices dealt directly only with the Los Angeles off ice, 
except in emergencies. For security reasons, using groups were almost never 
able to deal directly with manufacturers and dealers; when questions about design 
or fabrication arose, these questions had to be transmitted through the New York 
or Chicago Pure lias ing Offices to the Lbs Angeles- Purchasing Office, from there to 
the Los Alamos Procurement Office, and finally to the using groups: the answer 
had to be sent back along this same path to the supplier. For security reasons 

e 

no direct shipments could' be made to Site Y; all suppliers were instructed to 
ship goods to Chicago and Los Angeles warehouses, from where they had to be 
transshipped to Y with their original la be 1.5 removed in order to prevent 
unauthorized persons from learning whit kinds of things were being received. 
Originally the Los Angeles and Chicago warehouses did nothing but transship orders, 
•ind the iite Y warehouse checed shipments and approved invoice's. Because of ■ 
- government regulations insisting upon prompt payment of bills to void loss of 
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discount, procedure was changed so that invoices were checked against shipments 

/" 

( , at Los Angeles and Chicago and approved there. This procedure led to minor 

difficulties: goods would be received that were neither usable nor returnable, 
items would be missing fron the shipment but checked on the invoice, packages of 
photographic film would be opened for inspection, 

3.7-1 Periodically technical groups in the laboratory submitted 
criticisms of the Los Angeles Purchasing Office to the Director, and periodically 
the Director would transmit these criticisms to the appropriate Army and University 
officials*. The theme of most of these criticisms was that the Los Angeles office 
wa3 staffed by inefficient and inexperienced buyers. For some time these offices 
were seriously understaffed, and some of these criticisms may have been justified] 
on the whole, however, circumstances made unavoidable much of the apparent 
inefficiency. The University and the Purchasing Office maintained with considerable 

f justice that much of their difficulty was directly traceable to the strict 

security regulations under which they operated, statistics compiled from time to 
tiiae by the Contracting Officer, Lt, Col* Stewart, on the efficiency of the 
Purchasing Office show fairly commendable results. To some extent the criticism* 
of the Purchasing Office bjr using^ groups in the laboratory were caused by their 
isolation from and unfamiliar ity with the actual state of the market. They had 
come from universities whose equipment had largely been purchased under peacetime 
conditions, when time was not at a premium and manufacturers 1 catalogues actually 
represented stock on hand. During the war many manufacturers stopped publishing 
current catalogues, and those catalogues which were available in no way represented 
existing conditions. Men h'.d been in the habit of designing apparatus, starting 
to build it, and then ordering parts they did not have on hand. This b&bit nearly 
proved disastrous on several occasions. For example, one group designed a special 
kind of camera to be uie'i in connection with the. Trinity test, proceeded to work 

L 

on const ruction ai-.d or j r*'d necossiry parvs. After th* work was well under way, 
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the group was notified that the particular lenses they had ordered were not on 
the market, would have to be ground to order, and might not be ready in time 
to be useful* Also the particular kind of plate backs which they had 
incorporated into the camera design were no longer available on the market and 
were not being manufactured* Purchasing Offices scoured the country, and 

r 

succeeded in finding about one-third of the required number of plate backs. To 

* 

secure the rest, it was necessary through the Washington liaison Office to get 
a WPB directive ordering the former manufacturer of these items to stop his 

: * «H ; .... 

current production and make the necessary amount for the laboratory* *Ehe cameras 
were ready in time for 'frlnlty* but only aftefc a tremendous expenditure of effort 

j 

by all concerned* Such incident* were not frequent, but serve to illustrate some 
of the difficulties encountered by the Purchasing Office. Prom the yery beginning, 

the Procurement Office had made an effort to teach the using groups the importance 

| 

f , of finding out about the availability of certain materials before completing 

4es1tgn* and starting work, but it was difficult to change old habits and difficult 
for men to realize that a small loss of time spent ^-studying the market might 



mean a large saving of time in completing a satisfactory piece of equipment* 



3 # 79 Just as the laboratory groups were hampered by their unfarailiarity 




with the state of the marke^, so the Purchasing Offices were hampered by their 
unfamlliarity with the kind of work being done at the laboratory* Knowing noti 
about the work, they could know nothing about the uses for which particular items 
were needed, and therefore could not understand which specifications were critical 

i * 

and whiek were simply listed for convenience* A buyer in New York receiving 4 an 

urgent request for some item ordinarily made of metal might 1 be notified by the 

♦ 

manufacturer that other users were accepting wartime substitutes made of plastic* 

■r 

The buyer would* see no obvious difficulty with this substitute ~ no reason to ask 
the Los Angeles office to check with the Y office to check with the user - and 
would place "the ordeK Ke could not be expected to know that for the scientist's 




I 11-34 

Durpose, size, color and shape were convenient but not indispensable, whereas 

/ , 

{ / the chemical composition of the material was the one a 11- important criterion. 

Such incidents occurred again and again, and the only possible solution was to 
have members of the technical stj.fi' jrv.!;e their specifications as complete and 
explicit as possible without revealing the nature of their work. The local 
Procurement Office made a serious effort to have the using groups prepare accurate 
and complete specifications, and the Procurement Office itself checked such 
specifications closely before transmitting them to Los Angeles. 

3.#0 The organization established at Y to handle some of the complex 
problem outlined above was in itself rather simple. In accordance with its 
policy of eliminating red tape and supplying the laboratory as quickly and 
efficiently as possible, Mitchell organized his department into two main sections - 
Procurement, under the supervision of K. E. Olsen, and Service and Supplies under 
the supervision of H. \ Allen. The Procurement Section consisted at first of two 
groups, Buying and I?ecords. later a third - Property Inventory - wa3 added. The 
Buying Group was responsible for checking specifications on purchase requests, 
suggesting a possible manufacturer or vendor to the Los Angeles office, justifying 
high urgencies, and answering questions initiated by the Los Angeles Purchasing 
Office. Essentially the local buyers existed to give the Los Angeles buyers the 
inf onation they required to purchase the things needed at the laboratory* 

i 

The Records Group was responsible for maintaining files of correspondence and 
purchase requests, and also Kardex files of expend-.- ole and non-expendable goods on 
hand. /Yhen one understands th-t for every purchase request an average of sixty 
pieces of p^per was involve i, including printed forms and teletypes, the importance 
of the Records Group becomes evident. The Kardex files were Later transferred to 
, the Property Inventory Section (9.24). The Service and Supplies section consisted 

of four -roups ~ t!\e stochrooffis, receiving , ahiw ir_s an I records. Cr L^in.; 1 ly one 

( J 

ran vn.-i in c.\-.v ,: r' -ill tl r si.ocl.roo. a; - t 'ren-vr il Loor-* r.- ; y nur; ly, t-.e 




chemical supply, electronic, '.-.a chine shop* and a fevr smu 11 specialized supply 
rooms. The deceiving Group vna r^.^.onslble for openin; ; icka^e.s, identifying 
items with purchase orlers and directing distrr-' it ion either directly to 
laboratory groups or to the appropriate stockroom. The iieccris frroup maintained 
files of purchase orders for follow up purposes, files of stocks on hand and 
various receiying record files. 

3.31 Certain special procurement channels by-passed the University 
Purchasing Office in Los Angeles. These concerned parts for the completed bomb- 
mechanism, materials including uranium and plutoniun coming from other branches of 
the Project and materials obtained directly from the Array or Navy such as 
electronic components and completed devices of an electronic nature, guns and 
propellants and high explosives. 
Library and Document Room 

3*32 One of the minor but extremely important groups in the Laboratory 
was the Library. No research laboratory can exist without a library well stocked 
with standard technical reference works, files of technical journals and reports 
of work in progress, especially when that laboratory is isolated from all other 
universities and libraries. The Los Alamos library served its purpose v/eUL, and 
was one of the few administrative groups in the Laboratory about which there were 
substantially no complaints from the scientific staff. The library was organized 
and directed by Charlotte 3erber# 

3«#3 Like the procurement division, the library faced the problem of 
providing in a few months a comprehensive collection of books and journals on 
physics, chemistry, engineering and metallurgy that had taken other libraries 
years to accumulate. A large part of this initial problem was solved by loans, 
chiefly from the University of California library. A tentative list of book 
requirements submitted by various- staff member - planning* tie laboratory consisted 
of approxim: tely 1200 book:; and 50 journals (complete f 13 es from 1 C J20 for the most 
part : • i»ny trc:-v imp<.-.--c ' ■ 1 •: t o ser^rt- on t\ e marke* , but. for tut; II 



University library was -able to supply nearly -.ill of the r'^re out-of-print titles. 
New publications were bought, but only through a circuitous route, because of 
security restrictions. Orders from the Los Alumoc library were sent to a 
forwarding aJdress in Los Angeles', a;.d from there to the University library in 
Berkeley: froir. Berkeley, orders were placed with book publishers and dealers 
to be sent to the Los Angeles receiving warehouse, and from Los Angeles the 
books were forwarded to Los Alamos. By July, 1%5, the library included 
approximately 3, COO books, 160 journals per month, and 1500 microfilm reproduc- 
tions of specific articles and portions of books* 

3*34 Hie largest part of the library' 3 work, however, was that of 
reproducing and distributing reports of work in progress. For this purpose, the 
library staff included two small sub-groups, known as the workshop and the 
document room. The workshop typed, reproduced, and assembled technical reports 
and manuals submitted by the various scientific groups of the Laboratory. .Tha 
workshop group collaborated very closely with the editorial section and with the 
photography and photostating shop. Completed reports were turned over to the 
document room for distribution in accordance with security regulations, since 
nearly all of the work of the project was classified. The laboratory's guiding 
policy for distributing information among its own workers was simply that in no 
case should information be withheld from anyone who could work more effectively 
if information were in his hands, or who would be in a better position to maintain 
a hi,'^ level of security in his possible dealings with outside workers if he were 
more fully informed. To carry out this policy, the document room of the library 
wps supplied with a list of personnel entitled to have access to all or certain 
catfc^ories of classified documents, and this Hot was kept up to date by advice 
from group and division leaders. In general, comparatively few dec-jmnnts were 
distributed to individuals , the majority were kept in the document rccm to be 
read ther^ or borrowed temporarily by qualified persons. In addition to maintain™ 
inf a compl- te ar.«; current f il'. of Toe Alamos reports , tie dncurent, room kept a 
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file of documents received fro::i other Eanhattun jistrict Projects . Jcme notion 

f t of the amount of work handled oy the document room can be gained from the fact 

f 

that by January 1?45 there were 6090 reports on file, exclusive of extra copies 
of the same report, and that approximately 10 per cent of the total circulated 
each week, 

3«^5 Anions minor duties of the library was that of instructing the ' 

■ 

secretarial staff in the preparation of reports for reproduction, and th« handling 

of classified documents. In January 1945* the library document room assumed from 
the patent office the duty of issuing patent notebooks, keeping a record of 
notebooks issued, and collecting thai, from individuals upon separation from the 
Projects. 
Editor 

3#£6 From the beginning the Los Alamos laboratory produced large 
quantities of reports. Vthole fields of research were amplified by the results of 
work done here so that regularly published papers in these fields were made 
obsolete, and reports written here became standard reference works for this and 
other Manhattan District projects. It was therefore necessary to have experimental 
results reported speedily and accurately in a form that would be readily accessible 
to other employees requiring the information for their own work. It soon became 
apparent that responsibility for the editing and reproduction of all reports v 
should be centralized to insure accuracy as well as speed, Sarly in 1943 > 
D. R. Inglis of Johns Hopkins University was appointed Project Editor. All 
reports of completed work (known as documents) or of work in progress (known as 
manuscripts) which were to be reproduced in any form went through the office of 
Inglis. The reports were checked thoroughly from both a technical and editorial 
point of view. An appropriate form of reproduction was then selected, and when 
finished they were routed to the workshop or photostating shop* Through Inglis' 
( 1 efforts the Laboratory was assured a series of technically accurate, and 

edit or 3 'iHy consistent reports of work completer and in progress. 




Health and Safety 




3.^7 A Health Oroup reporting to the Director was part of the 



Laboratory administration from the beginning* Throughout the present history 
this group was under the supervision of Dr. L. H # Hempelmann. 

3#3# Health problems of the Laboratory may be classified as (l) standard 
industrial health and safety problems, (2.) the definition of health standards in 
re3ation to special hazards,, (3) the establishment of safe .operating procedures, 
and (h) routine monitoring and record keeping. At the beginning all of these were 
part of the Health Group's responsibility with Dr. Hempelmann acting as chairman 
of the laboratory's Safety Committee, By April 1944 the conmittee felt that it had 
become too unwieldy to handle effectively the increased safety problems resulting 
from the rapid growth of the Project, and suggested that the Director accept its 
resignation and organize a new committee better qualified to handle the problems, 
^ Mitchell, Procurement Office leader became head of the new committee whose function 

was defined to be supervision of all safety installations, inspections, and 
activities connected with the Technical Area and the outlying sites, Tliis was to 
include fire, general safety, and maintenance as well as technical safety. 
Dr. Heropeimann remained a member of the committee representing the Health Group, 
Later the execution of safety policies was taken over by the Safety Group 
under a full-time safety engineer (9-37). The establishment of 3afe operating 
procedures and routine monitoring and record keeping remained under the Health 
Group's general jurisdiction but such duties were delegated, wherever possible, 
to the operating groups or appropriate subcommittees of the Safety Conmittee, 

3»"39 The central rtsj onsibility of the Health Group was the establish- 
ment and dissemination of health standards; specifically, of safe tolerance levels 
of exposure to radiation and to radioactive and chemical poisons. In this and in 
/ -n its general supervisors- work the group was concerned prima ri.lv bo protect the health 

\ 1 

uf laboratory employees. "»*_ c^ndar ily it souyj/t also to protect the ly,~al interests 



of employees and of tl:e Contractor 1 . To this end it kept records of the hazards 
to which individuals w6re expo:..e the extc:t of exposure, accidents and tests 
for overexposure. In addition it obtained and recorded pre-enployn.ont medical 
examinations for all technical personnel* It rre.de complete examinations, including 
neceagary tests, of all employees or termination. Ordinary industrial accident 
records, however, such as shop injuries, were kept by the Post Hospital. 

3«90 In the original plan of Laboratory activities it was assumed 
that biological and physical reseaz*ch related to health problem would be entirely 
the responsibility of other laboratories within the Manhattan District, Reliance 
on tie work of others did net, however, always provide necessary information at 
the tire it was needed, Research sections were set up as needed within the 
Health Group or by its request in other groups. Thus the development of apparatus 
needed for monitoring was undertaken at Los Alamos in the spring of 1944, and a 
large share of the instruments built in the Electronics Group. Again in 
August 1944 it became necessary to investigate biological methods of testing for 
overexposure to radioactive poisons, and this work was undertaken by a section of 
the Health Group (9.30). 

3.91 During its first year the work of the Health Group was relatively 
uncomplicated. A semi-research problem which appeared alrost immediately was to 
discover the extent of variation in normal blood count:'. It w^s discovered 

that variations which were at first thought symptomatic of overexposure to 
radiation were in fact common in normal blood. 

3.92 Operation in this period was confined largely to the hazards of 
external radiation from accelerator equipment and radioactive sources. The 
danger of heavy-metal poisoning front uranium had to be guar. led against, as did 
other chemical hazards, but these problem were not serious. 

3.93 The really serious problems of the Health Group appeared in the 
early sprinr of 1944, with the arrival at Los Alamos of the first quantities of 



plutonium. The nature of these problems is suggested by the following brief 
account of the toxicology of plutoniu/n. 

3.94 The metabolism of plutonium is similar to that of radium in that 
it is deposited In the bone where its alpha radiation may cause bone sarcoma. 
3ut while radium is deposited with calcium in the living bone, plutonium is 
deposited in the surface membranes of the borne, and is presumably not overlaid 

by subsequent calcium deposition. Among other body organs the heaviest deposition 
occurs in the kidneys, where in sufficient quantities its radiation causes 
destruction of tissues responsible for kidney function. This effect, however, 
will not become serious except for dosages considerably greater than those needed 
(over a sufficient period) to cause bone injury. Another unfavorable circumstance 
in the comparison of plutonium with radium is the much slower rate of elimination 
from the body in the case of plutonium* In compensation for these bad qualities, 
plutonium has a much lower alpha activity than radium, and 13 leas easily- 
absorbed from the digestive tract. In general the problems of handling plutonium 
are comparable with those of handling radium, with A he allowances for the vastly 
larger quantity of the former jnaterial that is processed, and for the fact that 
empirical information on the toxic effects of small amounts over a ten or twenty 
year period is not available* 

3.95 Although not all this information was available at the time, 
the general similarity with the radium hazard had just been discovered: as a 
result Kempelmann and representatives from Chicago and Oak Ridge visited a 
luminous paint company in Boston to leun :.ov/ the radium hazard was handled in 
that, industry. r, n hie; return three corcriittt-"3 were established in the Chemistry 
and Metallurgy Division to develop method.:, for control of the plutonium hazard. 
An instrument at ion committee was appointed to design counters' suitable for 
measuring the radio- .el Ive contamin it inn liberator -es and personnel. A second 
col::. " t -tee was res^ciu '-la f--' the design of .^paratas an 1 e aiir r..ent for Va.nliing 
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plutonium. Apparatus was designed by this committee in consultation with the 
\ ^ chemists concerned, and was built or proceed by the Chemistry and Metallurgy 

Service Group. A third committee drew up rules and recommendations for the 
3afe handling of radioactive materials. The procedures recommended were put into 
effect in I/arch 194A-, with the under st ndin^ that willful non-cooperation would 
result in immediate dismissal from the Laboratory. A section of the Service Group 
wa3 established under H. Pophaia to enforce these procedures. It had the 
positive functions of providing personnel with proper protective equipment, launderin 
this equipment, monitoring the laboratories and decontaminating them when necessary, 
and of keeping complete records. The group worked very closely with the Health 
Group. 4 

3.96 In addition to organizing the safety measures described above, 
the Health Group carried on an extensive educational campaign among the groups 
working with plutonium. Lectures were given on the toxicology of plutonium, and 
numerous conferences were held with operating groups to work out the application of 
general recommendations. The Health Safety Handbook was given new members of the 
Division. (Appendix 7i Ho. 14 ) 

3»97 Despite these precautions the members of the Health Group and of 
the Chemistry and Metallurgy Division were not satisfied with the progress of 

< 

biological studies on plutonium made by the other projects responsible for this 
work. This dissatisf acti.n was crystallized by an accident which occurred in 
August 19hU, when b;- a minor chemical explosion a number of milligrams of 
plutonium were thrown in the face of one of the chemists. A research program was 
undertaker:, aimed primarily at developing .tests for detecting overdosage of 
plutonium (9.30). 

3.9'3 Another continuing difficulty was the lack of adequate monitoring 

i 

equip'-cni" . -ilpha ray counters lacked either sensitivity or portability, and were 

not recer-*:- 1 -'dv ' <• nu- •) » r i - . '"hv 1'ick of sensitive porta' ie :\otors made it 



necess'. ry to wipe surfaces suspect-ed of cont xmin-Ltion with oiled filter paper 
and .measure the activity collected with stationary counters. Contamination 
of hands and nostrils was measured in the 3aue fashion. Because instruments 
received from Chicago did not meet the local monitoring requirements , develop- 
ment of such equipment was be^un in the Electronics Group of the Physics 
Division in May 1944 (9.31). 

3.99 One further activity of the Health Clroup in this period was the 
control of the danger of poisoning in the work of high explosive casting. 
Standard protective measures were put into effect, and no serious trouble was 
encountered in the period covered by the present history. The medical group 
performed monthly examinations of all exposed personnel and gave periodic 
lectures as to the dangers of toxic effects from high explosive work. The 
education of the workers was aided by the fact that all of the plant supervisors 
were seasoned in this type of work. The number of cases of TNT dermatitis was 
in keeping with the number exposed. This is an allergic reaction which cannot 
be entirely prevented in any plant operation. 

Shops 

3.100 The principil shop facilities of the Laboratory were machine 
shops, draft in - rooms, a glass shop, and photographic shops. '.Vhile for the most 
part those were service groups of i standard type, it was true at least of the 
machine shops that they encountered a number of administrative and technical 
problems of an unusual kind. Although the machine shops did not become part of 
the Administrative Division until after the general reorganization in September 
1944, they are discussed in this chapter because their problems were related and 
can be more logically treated here than under the separate Divisions in which 
they were organised at first, 

3.1C1 In the Original program or the Laboratory, plans were made for 
x drafting room and mac h in-:- op (known as V shop), for the design and fabrication 



of laboratory tools and instruments, primarily to serve the Experimental Physics 
and Chemistry-iletallurgy Divisions. The gliss shop was an adjunct of the 
Chemistry groups. Two photographic shops were added during 1943, one mainly 
for routine recording and duplication, the other as an adjunct of the ordnance 
research program, responsible for technical photography and a considerable 
program of optical research (15.56). 

3.102 After the beginning of the ordnance program, additional plans 
were made for an ordnance drafting room and large ordnance machine shop (later 
called C shop). A number of snail student shops or special shops were built 

at various tines. The largest of these was the Graphite Shop of the i/.iscellaneous 
Metallurgy Group (8.53). 

3.103 Responsibility for organizing the first shops was assumed on 

an interim basis by Mack. The Laboratory was fortunate in obtaining Gus H. Schultz, 
of the University of ,Visconsin, as foreman of the laboratory shop (V shop). 
Schultz was not only thoroughly familiar with the requirements of a laboratory 
shop, but also had a substantial background of industrial experience. 

3*104 The original area of 7 Shop was ^,000 square feet, planned for 
30 toolraakers and machinists, representing an expected shop load of about 
1,500 man-hours per week. This goal was reached in October or November of 1943, 
by which time, however, the goal had been set considerably higher. (See graph -ID 
in appendix). 

3.105 In July 1943 Kack resigned as shop supervisor and set up the 
Optics ^hop and research ^roup in the Ordnance division. His place was taken by 
K. A. Lon<:, head of cryogenic research in the Chemistry and Metallurgy Division. 

3.106 In March and April of 1944 some resc: edulinj of shop work became 
necessary, because of the rapidly increasing load in V Shop. At that time about 

hi If of ^he load came from the Chenistry and .Vetallur.^y Division, whose requirements 
were rap-'. I^y i aortas in*-,. Thi-j problem was met V/ nl" if ting rome of the Metallurgy 



work to C 3hop, and in ti'iy adding about 500 square feet to V 3hop. Introducing 
a night shift would have been an alternative, but it was difficult at the tine 
to find machinists willing to work in the ni^ht shift, and new equipment was in 
any case needed for work in the gas tamper program (7«73)* 

3.107 Three examples may be given of outstanding fabrication problems 
solved in V ahop. One was the fabrication of beryllium oxide bricks for the 
vVater Boiler the dies were developed in V Shop as well as the technique 
of facing the bricks. Another was the development of apparatus and technique 
for welding the thin stainless steel envelopes of the Water Boiler. Another was 
the machining and grinding of tungsten carbide. In all cases the primary 
responsibility was borne by the operating group, but the actual development work 
was done by shop personnel. 

3. 108 Construction of C Shop was begun in July 1943* a nd completed in 
October. Its area was 3,300 square feet, planned for about 40 machinists and 
tooLivakers, representing a load of about 2,000 man-hours per week. Its foreman 
was Rex Feters, under the super 1 / is ion of C, Cline. 

3.109 The career of the experimental shop was relatively smooth and 
harmonious, while that of the ordnance shop was full of crises, joirie of the 
reasons for this contrast came from the nature of the work of each. The 
experimental shop was organized after a fan.iliar pattern, staffed and supervised 
by men with adequate training and experience. C Jhop by contrast, was designed 
for a type of work that was not completely anticipated. Both the equipment and 
personnel proved inadequate to the demand.; that arose, 3y the tiir.e the 
difficulties were fully appreciated, the rate of growth of the Laboratory had 

L 

bee one so large that it was impossible fully to overcome the existing lag, 

3. 11C In !.'ay 1944 Cline wis transferred to t).e Engineering Oroup, 
and h is rL-ice t-h^n hy 7/ # Hrower. r.ereas Cline had relatively little 
exr a r"lr.r.i*e :i n .> ". .O; 3 a ; vision, .'Ircv/er \r -> '• :r..:n wit! considerable experience 




( 



ir. har: ilinrj difficult shop sit>r ' 1 or: - ir. "'or\> ley ■. ; i ah Ri'hre , who it was 
thought would be able to repr'' s^r.t a: op roe m ar.d prcM- t.s ir. the codicils of 
the Crdnance Division. Driver obtained 3\:r port for u ■ • rapid procurement of 

i 

needed en«; Ir aent, and made some reorganization of shep procedure, Respite these 

efforts ti e j robins of C 3hop deepened t.ed "Y^wor left the laboratory in the 

middle of August 19Z0w 

3.111 The nature of the 0 Shop difficulties ray be illustrated in 

three ways, "he first point is that very little of its work was routine production. 

"ost items were produced singly or in small lots. Every item had to be given 

detailed specifications in the engineering drafting room. This created an 

enormous load of work, and involved close cooperation between datallers and the 

scientists jreparing rough drawings. This is a connion problem in laboratory 

shops, -.vhere as a result machinists become very skilled at working from rough 

drawings suppler er.ted by informal consultation with users. In C Shop this was 

impossible because of its size ar.d because few of the machinists had the necessary 

training. The result was more or less constant complaint about delays in the 

drafting root:' and inadequate checking. 

'3.112 A second symptom of inadequacy was that even a rigid priority 

system was insufficient to prevent delays of uitj* nt work. There were constant 

small irritations connected with this priority system, in deciding for example 
* 

between two s uc \ unrelated programs as the jun at .d the imj iosion. 

3 .113 lack of experience with peculiar fabrication problems added to , 

* 

the dif fie?;] ties . As one example, the machining of hemispheres may be mentioned. 
The implosion rrosjram called for a large number of hemispheres of various materials 
and sizes. A sixi/y-inch lathe was acquired for Turning large 1 era spheres, which 
proved useless for this work, Peters finally solved, the problem of producing 
these hemispheres with a specially ringed bcrin^ machine. Event e :ily, the he 
w--! s needed for o-]rv Jobs; the point is that neni cf Peters* iam- ii ■■; t e sui ' riors 




knew how this work, which is non-standard s: ould be done. 

3.111+ As the above illustrations .vcuid suggest, the problems of 
C oh op had their roots in the core general difficulty of developing an adequate 
Ordnance Engineering Group. Although the shop had a competent foreman, he was 
net in a position to overcome the general lack of foresight in obtaining men and 
equipment. This lack, moreover, v/as not solely the responsibility of Peters' 
superiors in the Engineering Group; these were in a poor position to understand 
the emerging needs of the ordnance research and development groups, who in turn 
were not yet geared to their role as weapon designers (1.5^). 

3.115 It is not true, however, that the shop and engineering 

difficulties were inseparable. They were connected primarily because of 

organizational arrangements. The origin.! plan, by which the C Shop was placed 

under the Engineering Group of the Ordnance Division, was plausible in terms of 

the contemplated narrow range of the ordnance program. As that program broadened 
■ 

out to include net only the gun program but also the rapidly expanding implosion 
program, such arrangements became less plausible. The C Shop became in fact a 
service organization doing work for a number of semi- independent organizations. 
Throughout the Laboratory the emphasis of work began to shift toward development 
work. The line of division between the two big shops became less well defined. 
In the end therefore it became clear that the proper remedy for shop troubles was 
to place both C and V Shops under unified management. This would not only make 
for greater flexibility in the, division of labor between shops, but would also 
give to C Shop the strong leadership needed to overcome its constant dif ficulties 
and to prejare it for the even more difficult days ahead. Such a step, moreover, 
would simplify the remaining problems of the Engineering Group, being a step away 
from the conception of the latter as a key administrative organization, and toward 

« 

concentration on the increasingly difficult problems of design-development, of 

en>. ' r ' ifig in + he n:irrow s»:-n3e. 




3»H6 At the time of the August 1944 reorganization, accordingly, 
the C Shop was moved from the Ordnance Division to the V Shop administration 
of Long and Sc fruit i. 
Constr uction and Maintenance 

3*117 Some of the construction problems have already been described In 
Chapter I, and in particular the construction situation at the time laboratory 
personnel began to arrive. The procedure used for the construction of the original 
buildings was standard for Army installations* Specifications for the original 

i 

buildings had been given to the Manhattan District Engineer's Office in New York 
by Oppenheimer, McMillan and Manley. Plans were drawn by the Stone and Webster 
Corporation of Boston since it was originally expected that they would do the 
construction* The drawings were transmitted to the Albuquerque District Office of 
the U. S. Engineers, and a contract was let by this office to the M. M* Sundt 
Company* On completion of the buildings the Sundt Company transferred them to 
the Albuquerque District, which in turn transferred them to the Santa Fe Area 
Office of the Manhattan District Engineers in theory the "using service" ♦ The 
actual using service, the technical staff, had no official position in this process 
and since during the critical period of actual construction they were still 
scattered about the country, liaison was totally inadequate* Hie Albuquerque 
District remained in* formal charge of construction until early 1944 at which time 
the Manhattan District assumed complete responsibility. 

3.113 By May 1943* the original buildings had been occupied and were 
in process of being expanded. The Sundt Company had undertaken two relatively 
large structures: a new warehouse and ar. addition to the cyclotron la&boratory^ 
but was not going to be able to complete the necessary work in time* Ordinarily 
the Army was responsible for providing additional construction workers, but in 
this early period was not able to do so, and the Contractor (University of 
California) had employed a number of carpenters, plumbers, electricians and 
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Laborers, "ruler cor tract regulations, these workers could not be employed fcr 
any pernor; ert ccn*3 traction, but only for nz-intenance work and tl e construction 
of shacks and "lean-to's''. These men at first worked under the direction of 
embers of the scientific 3taff, and later under Brazier who was employed by 
the Technic- 1 ;rea as supervisor of construction and maintenance. Brazier's 
responsibilities were not altogether well-defined at any time, but it can be 
said that he was responsibile for the preliminary design of the major expansion 
program' which began in June and which included a new office building, offices 
and laboratories for the ordnance program, and a heavy machine shop. Brazier's 
staff grew from about a dozen men in May to 264 in January 1%4, when he left 
the site. 

3*119 ueneral Proves had wanted for some time to have all construction 

handled by the Army Engineers, and his final decision in this matter was hastened 

by a series of complaints made by the tfar Manpower Cocmission, the United cJtates 

r^mployment Service and the American Federation of Labor, that there were certain 

irregularities in the project's procedure of employing construction workers. 

In January 1%4, 3razier's entire staff was turned over to the Army payroll with 

the exception of three foremen who remained on the University of California pay- 

« 

roll. The scientific staff saw considerable advantage both front the point of 
view of security and that of efficiency in having a separate construction and 
maintenance group for the Technical Area. Although it was not found possible to 
keep the entire .^roup on the University of California payroll, the three key men, 
Charlie 3tallings, Melvin Foley and Dan Tfaff - in charge respectively of 
carper ters, plumbers, and electricians - were kept, and their assistants assigned 
permanently to the Technical Ares. The jroup, under the direction of John 
Williams, was responsible for t! e nt-intenance, repair and installation of all 
scientific equipment or rv.c!'ine tool3 under the jurisdiction of technical 
personnel, and also for building and remodelling apparatus and equipment of a 
scientific nature. 
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3*120 The construction and intenance <;roup under- the .Jurisdiction 
of the '.r:ry \.n *in« «ts w;,s resrons ible for -11 altr ra tiers a n<:\ additions and 
repairs to buildings, including services rind installations, arid for the 
installation of new and repair of exist in,: utilities. Tho .'.rmy also found it 
necessary to establish separ: te or nidations for the maint f. nance and construction 
of the technical area and outiyin- sites and for the post, housing and 
administrative areas. Separate priority lists were wj- in tained for both groups 
in accordance with urgency ratings assigned by those requesting service. 

3.121 Nearly all major new construction wn3 handled by contractors 
under the super-vision of the l ost Operations Division. The original contractors, 
}/. ?! # Jurdt Company, regained in charge until the end of 19^3 • They were 
succeeded by the h. Morgan Conpany whicl built a section of the housing area 
during the first three months of 1944. They in turn were succeeded by R. K. McKee 
who remained in charge of construction with an average force of between 700 and 
1000 men. The arc; itect ,7. C. hruger, whose contract was originally issued by 
the Albuquerque District, was retained by the Manhattan District throughout the 
life of the Project. (See graph 3 in appendix for rate of growth of technical 
construction). 

3 •122 Requests for all but the most minor construction had to be made 

by group leaders or their superiors, and urgency ratings assigned in the same way 
as those for orders on the Frocursuent Division. Such requests were submitted' to 
the office of David Dow who acted as liaison between the U3ing groups and the 
T ost Operations division. Frequent conferences were hell to determine priorities 
and set up tentative completion schedules. One of the mast frequent causes of 
iiff iculty between the using gron; s and r U e construction s-.r vices was the inability 
of t<; t -'r-rm/ r to fores e*. i:*-ir r;~"ds very far in advance, slr.ee construction 
•U-. ••. : r. .;. '/ ises u» 0; t- t r-.-^It- of ex^er Lrenta :n progress. 



Research and Development for V e protection of Qovernmen t interests in 
scientific research, the Contractor was required to "report the process of 
studies *nd investigations undent iloin, disclose to the Government all inventions 
made in carrying out the work of the contract, and furnish a complete final 
report of f indincs .*ind cone 1ms ions' 1 • Kore again security was an Important 
factor in determining admini strut '. ve organization. Since fewr Contractor's 
rop res - * ; tu t ives were permitted to visit the laboratory or to know much about 
the technical details of the work being done here (j.l?), they could not make 
the necessary reports for patent purposes. Consequently, the University turned 
over much of its responsibility for protecting Tovernment interests to Major 
Ralph Carlisle Smith, the Tatent Officer, who arrived in , T uly 1943 to establish 
the Patent Office. 

3.124 The work r.f the Fatent Office wan conditioned in "many w-jys by 
considerations of security. The most serious effect was the limitation of 
personnel of this office to the absolute :>:inimu.m. Since it vu3 the duty of the 
Patent Division to report the progress of all the scientific wvrk done on the 
project, and since this was the only office where oil of this information would 
necessarily be compiled in language understandable to an individual having a 
general scientific background, the director and the security officer felt that 
only a few Oosolutely trustv/orthy individuals could be permitted to work lie re 
even in a clerical capacity. For some time !.'a jcr rniith had no assistants at all, 
but eventual.!'.' ] <j cbi --ir e i m:on.: tie enlisted .aeri and women :tl>-ea-;y emu loved on 
the Project a. ;..i;.i:ou.: st".f f vnMch h'-.d to be tr' ir.ed on the job. Only after a year 
ana a ha If wa s ' c ib.V- t c -:ec jre two le- rally trained scientific assistants, 

3.1^ In addition U 11:. it in;' tie st-ff of the Fat»nt Office, security 
c ons id era t ions increased ! ts bur ion 1 o inciuJe ia s\ on- Lhiiity for .-ill patent 
matters affect in/: 3 ub c ont ra c tor. ? or involving I'ro 'c-ct ^K.nbv'ce j who had coi:io here 
from other J rejects. Tuns , f ! • • latent Office assumed respons ib 1 1 ity for the 



early subprojecta such as those at Purdue University (Appendix 7 , No. 15 ) Stanford 
University (l.A) as well as for the later subcontractors, such as F. Flader 
(Appendix 7,No. 16) and the California Institute of Technology (Appendix J , No* \f) 
(9.15). Furthermore, employees who had transferred here from other government 
projects were not permitted to communicate directly with their previous colleagues 
.in the patent field, and therefore any unfinished patent matters had to be trans- 
ferred to this project for completion. 

3.126 The Patent Office established the methods and procedure of record* 
ing work done and secured the cooperation of the technical staff in keeping the 

* ■ - ■ ' 

necessary records. Numbered notebooks were issued, originally by the Patent Office 
and later by the library document room, and in these staff members currently record- 
ed the details of experiments and the exact dates of the various stages of develop-* 
ment of inventions and discoveries made. Completed notebooks and those turned In 
by people leaving the project were kept on file by the library document room. 
Through the Business Manager's Office, patent agreements were secured from every 
employee and subcontractor and consultant of the University of California. The 
Patent Office obtained 4 special patent agreements from military personnel and civilian 
employees of the War and Wavy Departments, and special patent contracts frca 
individuals on loan directly to the Manhattan District from other employers. Qnploy-* 
ees of foreign governments were not required to sign agreements , but did prepare t ,,' 

1 

records of inventions and executed U. S. applications to the benefit of the U. S 1 , \ 
Government, Monthly reports of the activities of foreign personnel were prepare<| \ 
by the Patent Division. These and similar reports of visits by consultants and \ 
foreign personnel were sent to General Groves' office. All terminating personnel \ 
were required to appear before the patent officer and assert that they had made no 
invent ions without recording them with the Patent Office^ and they had turned in ' 
all original records to the document room, or other appropriate depository e 

3.127 The most important duty of the Patent Office was of course that of 
prefer,! ng patent applications to protect the Government and to prevent outside 
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interests from Inter iominat in. ■ the pertinert fiel-h? o.' research and development . 
/ C ire m stances at U;i=5 pro 'ect made it necessarv for w - r '..Lit: and his st^f f to 

( ,< 

be not only experienced pi tent attorneys, but also ex[>ert in a variety of 
technical subjects. Experiments covered much more than nuclear physics: they 
included chemistry, metallurgy, ordnance and explos'ves and electronics, to 
mention only the largest fields. Patent cases submitted can be classified into 
five principal groups: the jroduction, chemistry and .'.etallurgy of fissionable 
materials, isotope reparation, power reactors, electronic equipment, and the bomb 
itself with its various developments and improvements. Altogether there were 
about 500 patent cases reported to V/ashington C3RD Headquarters covering work done 
at this laboratory, and about 300 handled in connection with work done on other 
projects. Cf these, a substantial number have been filed in the U. Z. Patent 
Office. 

3.128 Because of the pressure of time and the very limited staff of 
( the Fatent Division, it was not possible to write cases in the usual manner. 

Ordinarily an inventor or research scientist prepares invention reports of thing3 
he considers new and useful and submits these to a patent attorney for approval 

* 

and the preparation of a formal application. Here the members of the Patent 
Office read the daily records and other reports of research workers, inspected the 
laboratories and test sites, held periodic discussions of work accomplished with 
various individuals, and attended seminars rind conferences of the various groups 
and divisions. In all of these sources, the Patent Office found ideas and practices 
that were new and useful, prepared the applications so is to give maximum scope 
to the inventions in their relation to the entire pro.ject and associated fields, 
and submitted these applications to the inventors for final approval. Since 
members of the technical staff were pressed for tim-, and in my event, were 
reluctant to take time from research for preparing reports, this rather unorthodox 
i procedure proved to be extre *-l;,' helpful. -*.n additional complicatin ; factor 

I.;: the work of prep • K: ..; eas«-s w~.s the f .ct that by re ' j- or. * *" t ;-.e cj: t-\ of the 
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work, a great many developments had to be covered before there was any physical 
embodiment proving that the inventions were workable - before any "actual 
reduction to practice", in legal jargon. The test shot at Trinity was the first 

* 

reduction " to »pract ice for many inventions, the success of which was long before 
anticipated by the completion and filing of a. series of patent applications. 
Completed cases were transmitted by Array courier to the 03RD Washington Patent 
Headquarters, headed by Captain R fv A. lavender, USN, and filed with the U« S*' 
Patent Office. 
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chapter XV 



TECHNICAL REVIEW. TO AUGUST 1< 

Introduction 



4.1 The role of theory in the formation of basic decisions in the 
DSM project is well illustrated by the fact that even after the establishment of 
Los Alamos there was still no absolute experimental confirmation of the feasibility^ 
of the bomb In terms of its basic nuclear processes. In April 1943 it was still 
possible , although extremely unlikely, that an efficient nuclear explosion might 
be ruled out on either df two counts, and on a third count so far as the use of 
plutonlum was concerned* First % the neutron number had not been measured for 

i 

fissions induced by fast neutrons, but only for "slow" fission* Second, the time 
between fissions in a fast chain might be longer than had been assumed* Finally, 

the fissioning of plutonium had been studied by observation of fission fragments* 

* 

235 

. but this gave no proof that the neutron number was the same as for u . 

ft 4 

' { 4*2 The first physical experiment completed at Los Alamos -in July 1943- 

239 

was the observation of neutrons from the fissioning of Fu * In this experiment 

■ 



the neutron number was measured from an almost invisible speck of plutonlum* and 
found to be somewhat greater even than for As was mentioned earlier this- 

result justified the decision already taken to construct the plutonium production 

► 

i 

pile at Hanford* * * 

4.3 The other early confirming experiment ~ the measurement of delayed 
neutrons - also gave favorable results, as expected. It showed that delays in 
neutron- emission were negligible. The third possibility, that the neutron number 
might be radically smaller for fast-neutron fissions than for slow, was not 
investigated until the following year. Assurances on this score were, however, 
considerable. 



4*4 'Yith the completion of the Laboratory and of the preliminary 
experimenta described above , the work of the nuclear physics program entered its 

* 

main course. As stated in the introduction (1*53) this program aimed, through 
experiment and calculation, at providing specifications for the bcmb so far as these 
depended on its nuclear properties. 

4*5 This work of nuclear specification was not done once and for all, 

but proceeded by a series of successive refinements. At each stage the information 

... w - 

gained served to determine the work of the laboratory in a more concrete way, and 
as the basis for further refinements in research* 

4 # 6 At the beginning it was of the greatest importance to estimate 
with some reliability the amount of active material per bomb that would be needed* 
Without this there was no way to determine the size of uranium separation and 
plutonium production plants under development. 

4*7 In the next stage more accurate information was needed to provide 
a basis for concurrent work in the ordnance program. It was for example one of 
the requirements of the gun design program to estimate with some assurance the size 
and shape of the projectile and the muaele Velooity it would have to be given.. For- 
another thing, the effective mass of the active material would set limits to the 
overall size of the bomb, which would in turn determine the type of plane to be 
used in its delivery. 

4.& In the last stage after certain basic engineering specifications 
had been frozen, it was necessary to determine, for instance, the exact mass and 
shape of active and tamper material, and in general to guide the final reduction 
to practice. * 

* 

4.9 Although convenient as an aid in understanding the work of the 

» 

laboratory, such a separation into stages would give a false chronology. Even 
the preliminary stage did not end with the feasibility experiments described 
above. As the understanding of requirements became more detailed and reliable, 



U.12 lost of these r- f ir.ena. nts impliai a need for more precise experiments 

knowledge. For one thing they took account of now dependencies, for another the 

errors fivm theory and experiment \ :.d to be kept of comparable magnitude. Thus the 

early nuclear experiments, other than those already described, were centered around 

tie me suremert of cross sections, their energy dependence *nd the number and 

energy spectrum cf fission neutrons. Pf these experiments the most time-consuming 

239 235 

were the fission cross sections of Pu and U as a function of energy from the 

, thermal to the hi.^h-energy end of the fission spectrum. From a combination of 

rel tive and '.bsolute fission cross section experiments performed over the period to 

August 194A, it was possible to plot fission cross section curves as a function of 

oqc 239 

energy for both U J7 and Pu frcm thermal energies to several million electron 
volts. These results were not only used in more accurate critical mass and 
efficiency calculations, but also were partially responsible for the abandonment of 
the uranium hydride program] partly because they shewed that the energy-dependence 
which would make the hydride an efficient weapon did not occur and partly because, 
through the evidence they provided for the existence of considerable radiative 
capture at thermal energies, the critical mass and efficiency estimates of metal 
uranium bombs became more optimistic. Investigation, suggested by the behavior of 

fission cross sections at low energies, led to the discovery that radiative capture 

235 239 
in U was indeed significant, and even greater for fu ^ . Since measurements of 

the neutron number had been made at thermal energies for total absorption (capture 

plus fission) and not fission alone, and 3ince capture would become less important 

at the high energies of neutrons operative in the bomb, it followed that the 

effective neutron number in both materials was higher than had ^een assumed. As a 

result of tht;se considerations the hydride program was carried on, after the spring 

of 19a4 on3.y at low priority, 

a, 13 although tr e hydride p'o^ram was unsuccessful, the process of 

" •.•\«r:. : nr ertcu.-"^ to und erst its limitations cent riV v.t e ? in a number cf to 



the Loe .ilamos laboratory continued to exert influence on the and pu^' 

production plans of the Manhattan District. A number of quite basic weapon 
specifications, to go to the next stage, remained undetermined for a considerable 

length of time. One was the choice of a tamper: another was the uranium hydride 

. - 

possibility, and a third was the mechanism of assembly - gun or implosion* ' 

4*10 Despite these over lappings so characteristic of war development 
and of the whole Manhattan Project, one can trace the gradual shift that occurred 
from nuclear physics, through the difficult problems of the bomb assembly mechanism 
to final development. This first half of our history is the period in which the 
organizing role was played by nuclear studies, and was gradually shifted to the 
study of assembly mechanism. « 

L 

4*11 One of the first problems was the more precise determination of 
critical masses. As explained earlier 11*33) in a qualitative way, the critical 
mass depends on the rate of diffusion of neutrons out of the active mass as compared 
with the rate at which they are generated in it. One of the essential tools was 



therefore the statistical theory of neutron diffusion* Ordinary diffusion theory 
is valid in the range where the mean free path of diffusing particles is small 



1 



compered to the dimensions which are of interest* This is not true of the bomb* 
The number of neutrons in a given small region depends not only on that in 
adjacent regions, but on the entire distribution throughout the mass* ' An integral 
•diffusion theory had therefore to be employed, and means found to apply it in 
practical calculation* This problem was one focus of development. Another was 
the refinement of certain rough assumptions that had been necessary in making 
earlier calculations. One such assumption had been that neutrons were scattered 

isotropically. The correction was to take account of angular dependence. Another 

* 

assumption was that core and tamper gave the same mean free path, which in general 
they do not. Still other assumptions subject to correction were that the neutrons 1* 
had the same velocity, that the various cross-sections were independent of velocity 
and that t) «re was 1 no energy loss through inelastic collisions. 
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the whole program. For example the use of the assumption that the fission cross 
section was inversely proportional to neutron velocity made clear the importance 

V 

of inelastic scattering in the tamper. In the first approximation it had been 

i 

assumed" that only neutrons scattered back elastically would contribute in any 
important way to the reaction. But if decreasing neutron energy was compensated 
for by increasing fission cross sections, this assumption could not safely be 
made* A lengthy series of back-scattering and transmission experiments with a 
considerable list of potential tamper materials was made, in which the scattering 
cross sections were measured for neutrons of various energies and for various 



scattering angles, and in which the energy degradation of scattered neutrons was 




* 
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MUTED 



The Gun Method 

4.14 During the first six months of the Laboratory, the gun method of 
assembly was the focus of administrative and technical activities in the ordnance 
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program. The procurement of personnel and the design and construction of facilities 
centered around the gun; the implosion program was considered as a standby* and 
its facilities were an adjunct to those of gun development. / 
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A, 15 The first guns were designed and being produced from the Naval 
Gun Factory by September 19A3 $ and were received at Los Alamos in March 19V* • 
Proof firing to test the behavior of propellahts and to investigate problems of 
projectile and target design was begun in September with a 3 inch Naval A. A* gun. 
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k.]£> Proof firing was also undertaken at a still smaller sca^/e, 20 
millimeters. The object of this program was to investigate "blind" target 
assembly, and to prove the polonium-beryllium gun initiator then being developed. 
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The subsequent development of the U " low 
velocity gun could therefore proceed without meeting new basic difficulties, while 
the main effort of the laboratory was directed at the mounting difficulties of 
the implosion program. 



The Implosion 

The original proposal for the implosion assembly was to make use 

* 

of the plastic flow tamper and active material under high-explosive impact. 
A hollow sub-critical sphere of these materials would be blown together into a 
solid supercritical sphere. The first acknowledged advantage of the implosion 
over the gun was its much shorter time of assembly. This was of especial importance 
for the assembly of plutonium because of its expected high neutron background, which 

a 

for slow assembly would make predetonation a serious danger. 
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U.21 These two stepa_were responsible for « narked change in the 

* m » 

priority of the implosion program. They made it clear that the implosion had 
qualitative advantages over gun assembly, and that the many difficulties involved 
in its development (not all- of, which were yet appreciated) would be worth 
overcoming . At a Governing Board Meeting of October 28**1943 the program was 
reviewed and the decision made to stren^^en and push ii. Within the limitations 
of hindsight, it seems fair to say that the de facto priority of the program, 
only increased slowly, with the addition of new personnel and the. strengthening 
of their organization. Ordnance and engineering work was geared to the gun 
program, and could not be redirected overnight. By the end of 1943 the implosion 
had caught up with the gun in priority; by April 1944, its facilities had been , 

greatly expanded, and enough experimental evidence wae in to show the great 

*■. 

magnitude of the difficulties that were still ahead. 

4.22 It is convenient to treat the theoretical and experimental 
aspects of the implosion separately during this period; for they started at 
opposite ends, and their point of convergence lay mxich farther ahead than was at 
the time anticipated. 
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the program, the gains to be made were by no means recognized at first as in 



retrospect they should, have been. 
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.4.26 The quantitative investigation of the hydrodynamics of the 
implosion proved a very difficult job. An approximate method adaptable to hand- 
calculation was tried, but gave uninterpretable results. In the spring of 1944, 
the problem, was set up for IBK machine calculation. These machines, which had 
recently been procured to do calculation on odd-shaped critical masses, were well 
adapted to solve the partiril differential equations of the implosion hydrodynamics. 
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4*23 V^hile theoretical investigation was familiarizing the Laboratory 



with the enormous potentialities of the implosion, its empirical study was getting- 
under way. During the period to April 1944 some data were obtained from terminal 
observation, Xrom the K. E. flash photography of imploding cylinders, and from 



flash X-ray photography of sma!3.impJ.oiiing spheres 
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h .30 At this time, indeed, the instrumental difficulties with the 



implosion experiments were _a.t ill very serious, and data were not easy to interpret. 
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The H. Em casting plant that had been planned and under construction since the end 
of 1943 was still not in operation, and manpower to staff it was hard to find. 
The number of experimental charges that could be produced was extremely JJLndted. 
On the other side the development of instrumentation to investigate medium- and 
large - scale implosions was a mountain of uncompleted effort. 

A. 32 To understand the gloomy situation that existed in the late 
spring and summer of 1944 one must recall that by. this time delivery schedules for 
plutornui! were well established, and such that weapon amounts -.vould become 
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available by the summer of 194 5 • One had therefore about a year to complete the 
( , program. The virtues of the method had been demonstrated theoretically, yet no 

success in development had been achieved. Just at this, time, events in another 
part of the Laboratory program threw full responsibility for the use of plutonium 
on the implosion program, (4.4# - 4.53). 
Metallurgy T 

4.33 Another virtue of the hydride program not mentioned in 4.13 was 
the interest taken in the preparation and fabrication of this material. Studies 
were begun, among the first undertaken by the metallurgists, in the art of 
preparing high density compacts of this material. The result was that although , 
after a year or so it was known that the hydride would not yield an efficient 
weapon, this material could be easily fabricated, and was used in making 
experimental reactors, 

4.34 The main goal of metallurgical research in this period was. the- _ 
development of techniques for handling the final preparation of active and tamper 
materials in the large amounts necessary for the bomb. Apart from early work with 
the hydride, effort was first concentrated on the metallurgy of uranium. This 
subject was already fairly well developed in other branches of the Project. The 
L03 Alamos requirements were however somewhat different and more exacting. There 
was much greater emphasis on maintaining a high chemical purity and on yield. 
A bomb- re duct ion technique was developed in the first period and perfected in the 
second which admirably satisfied these requirements. 

4.35 One of the reasons for the early work on uranium metallurgy v/as 
its hoped-for resemblance to that of plutonium, as yet non-existent in workable 
amounts. '.Then the first such amounts of plutonium appeared - in March 1944 - 
techniques for its reduction were already underdevelopment; by the end of the 
first period satisfactory bomb-reduct icn methods had been perfected. 



A. 36 The investigation of plutonium metallurgy was one of the principal 



undertakings of the metallurgical groups, A properly scientific study of the 
properties of the new element was of necessity limited by the time available and 
the pressure for usable methods. The standards of usability, moreover, were much 
harder to meet than in the case of uranium. According to the original purity 
requirements, all operations would have to be carried out in such a way as to avoid 
contamination with light elements, even of a few parts per million. This made 
necessary a large subsidiary program for the development of heavy-element refractor ie 

« 

The substantial relaxation of purity requirements that came with the abandonment 
of the plutonium gun program at the end of the first period v/as sufficient to 
guarantee success. Indeed by this time the original high purity goals had nearly 
been reached, and some simplification of techniques became possible. . 



was of considerable importance in final bomb design; this was the existence of 

allotropic forms of plutonium.- In July 19A4 experimental proof was obtained of the 
alpha (room temperature) and beta phases. 



uranium and plutonium - several techniques were developed for the fabrication of 
materials with important nuclear properties, notably boron and beryl 1 ja» These 
were techniques of powder metallurgy, and the object in both cases was to attain 
the highest possible densities. The main pressure for the production of boron came 



4.37 One discovery v/as made toward the end of the first period that 



4*36 Aside from the metallurgy of active materials - uranium hydride, 



again from the hydride gun program, for which it would 
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A. 39 In this connection the laboratory undertook to procure large amounts 

10 

of boron enriched in B , which constitutes about 20 per cent of normal boron. A 

*. * * ■ 

_ W/ ■ ' 

10 

method for the separation of 3 had been developed by^Urey, and v/as further 



developed by him at the request of the Los Alamos Laboratory. A pilot plant was 



constructed in the fall of 1943, to develop the method and to provide experimental 

amounts of the separated isotope. Early estimates (February 1944) set the needed 

production rate of the iaotope at a figure comparable to the production of separated 

uranium. Plant construction was undertaken by Standard Oil of Indiana. Difficulties 

in construction and a decreasing probability that boron would be used in large 

amounts caused a decrease in the scheduled capacity of the plant by 25 per cent # 

4.40 Even after there was reasonable assurance that a bomb made of 

hydride would not be used, and especially not a hydride gun, it was decided to 

10 

maintain production of the B isotope ^because of its potential usefulness in an 
autocata lytic bomb, if one could be developed^ This isotope was, indeed, very use- 
ful in small quantities in counters and as a neutron absorber •< 
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But the large amounts of the isotope (3&-40 



kilograms ) received at Los Alamos were not, as it turned out, needed. 

4#41 Beryllia compacts of high density were developed by the metal- 
lurgists for use in the water boiler tamper, actual production being carried out 



by. The Fansteel Metallurgical Corporation under subcontract. 
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Chemistry 



4.43 The principal work of the chemists in this period lay in the 
field of uranium and plutonium purification, analysis and recovery. 

4.44 The first purification work was begun at a time when there was 
very little plutonium in existence, and when only micro-chemical investigation 
had been undertaken. The first plutonium arrived at Los Alamos in October 1943* 



Until then work was necessarily limited to the study of various stand-ins, 
including uranium. After that tine until the arrival of the first Clinton 
plutonium, stand-in work plus micro-chemical work, plus the results of similar 
work at other branches of the Project provided the only information available. 
Despite these handicaps, by August 1944 there was strong assurance that purity 
specifications could be met on a production basis. The first, the "wet" stage of 
purification had been worked out in essentially final form, as had been the 
recovery processes for re—cycling plutonium in chemical and metallurgical residues. 
The final "dry" stage of purification was worked out in outline, but exact 
procedures were not yet settled. One of the most serious difficulties, from a 
technical point of view, was the prevention of contamination from dust, etc. 
that would undo the work of purification. It was this factor that made necessary 
the construction of an air-conditioned laboratory building. In the latter part of 
this period a new technical difficulty was discovered, the serious danger from 

4 ~ \ 

plutonium poisoning (3*94), which made necessary the development of enclosed 
apparatus wherever possible. 

4.45 The extraordinary purity requirements for plutonium necessitated 
the development of supersensitive analytical techniques. In some cases impurities 
amounting to only a few parts per million had to be measured. To add to the 
difficulties, samples assayed had to be small, especially in the period when 
analytical techniques were first being developed. The principal methods developed 
were spectrochemical and gasometric. Spec t roc hem ical methods were developed by 
or in close liaison with the chemists at the Metallurgical laboratory. Gasometric 
methods for oxygen and carbon analysis were developed at Los Alamos. 

4»46 The end of the first period saw the virtual completion of the 

difficult program of plutonium purification and analysis. The corresponding 

235 

processes for U had also been carried out, but were of relatively minor 

difficulty. At this ti~e tie relaxation of purity requirements made it unnecessary 



to pursue these researches farther. The period that ensued wa3 one of transition 
to production methods, made difficult primarily by the increasingly serious 
dangers of plutoniuia poisoning* 

4»47 The radiochemists worked in cooperation with the experimental 
physics groups and ordnance groups. One of their principal contributions to 
experimental physics was the preparation of thin foils of a wide variety of 
materials and specifications. They developed several new techniques for preparing 
foils, carrying this activity to a much higher level than had been possible in 
other physics laboratories. Another contribution was the development of very 
sensitive neutron counters. Early in 1944 a radon plant was constructed as part 
of a program looking for neutrons associated with alpha radioactivity (6.21) and 
as a source of material for a possible radon-beryllium Initiator. The best choice 
for the initiator was not radon but polonium, but it was not certain that this 
material could be purified sufficiently to meet the tolerances for neutron back- 
ground. In fact, by the end of the first period the radiochemists had succeeded in 
preparing polonium that met the purity requirements for the gun initiator. The 
contract for the production of polonium was let with the Honsanto Chemical Company, 
on the sajr.e day as that for the preparation of boron-ten (4#20-l). This polonium 
was prepared by irradiation of bismuth in the Clinton pile, and purified at a 
special plant designed and build by Monsanto (3.60, 17.40-1). Aside from research 
on polonium, the other main activity of the radiochemists in the summer of 1944> was 
the design and construction of a "mechanical chemist", a remote control plant for 
extracting and handling the highly radioactive radio- lanthanum to be used at the 

Bayo Canyon Rala site. 

240 

The Discovery of Pu 

4.V3 There is perhaps no better illustration of the interconnection of 
researci. nd 'wv.-lopment at Los Alamos than the series of developments that led to 
'f.'i wery of th* 240 isotope of plutcniar. in the Clinton product. As was. 
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mentioned above (4«1) there was room for doubt as to tljjBpalue of plutonium as 

bomb material, up to the timi when, in the sunmer of l^Ek its neutron number was 

first measured. Even with the favorable result of thl^JEiflsurement there were 

* still serious difficulties: from one gram of plutoniu^llhere are 2 x 10^ alpha 

particles emitted per second. To keep the neutron background from ( a ,n) reactions 

down to the level where fast gun assembly was feasible inquired high purity; in the 

case of three light elements, les3 than one part per million, 

4«49 Spontaneous fission measurements had bssn undertaken first at 

Berkeley, for the direct purpose of ascertaining the neutron background from this 

source of At Los Alamos these measurements were refined and extended to 

239 

Pu J and other materials # In the sunmer of 1943 , meanwhile, there came through 
from France a report that Joliot had found a neutron emission associated with the 
alpha radiation of polonium, but not coming from the action of this radiation on 
light element impurities. Although this report was not believed correct, it was 
recorded in the Minutes of the Governing Board, and the general intention stated 
of looking into all the questions connected with spontaneous neutron emission* 

4*50 As a result of the Joliot report, work was begun to develop 
highly sensitive neutron counters, and a radon plant waa obtained. The reason 
for the latter was that radon was the alpha emitter which could be most highly 
purified* If it was found that there was heavy neutron emission from alpha 
emitters as such, this might make a modulated initiator impossible. It might also 
mean a prohibitively high neutron background in plutoniura itself, 

4,51 As the spontaneous fission measurements increased in reliability, 
it was found that the spontaneous fission of plutonium was slow enough to make 
the neutron background from this source not seriou3. In the meantime, however, 
another piece of research entered into the story. Fission cross section measure- 
ments ^t lov; energies , whose programmatic justification was to obtain data to be 
used in calculating the uranium hydride critical trass, showed the presence of reson- 
nr.C':-3 in the X?^' fis*. i ">r: absorption spectrum. Thi;; led, for theoretical reasons, t 
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the expectation of sizable radiative neutron capture. In the case of Fu**' , this 

240 

meant the production of a new isotope, Pu • Since this isotope would be produced 

23& 

by the absorption of two neutrons in U , its concentration in the pile plutonium 

would go up with heavier irradiation. 

4.52 In the summer of 1944, therefore, when the first' Clinton plutonium 

made by chain reactor - much more heavily irradiated than the previous samples made 

240 

by cyclotron bombardment - arrived, the existence of Pu was verified, as was the 
fear that it might be a strong spontaneous fissioner^ Neutron background in the 
plutonium which would be produced at full power was pushed up into the region where, 
to prevent predetonation, assembly velocities would have to be much greater than 
those possible with the plutonium gun. 

4»53 The only alternative to abandoning the gun method for plutonium 
was to find means of separating out the offending isotope. Thi3 would mean another 
major investment in separation plant, and could hardly be accomplished within the 
time allotted before military use. The implosion was the only real hope, and from 
current evidence a not very good one. Nevertheless the laboratory had at this 
time strong reserves of techniques, of trained manpower, and of morale. It was 
decided to attack the problems of the implosion with every means available, to 
throw the book at it. Administratively, the program was taken out of the Ordnance 
Division, and divided between two new divisions. Cne of these was to be concerned 
primarily with the investigation of implosion dynamics, the other primarily with 
the development of adequate H. E. components. And this story marks the beginning 
of the second part of the present history. 
The V/ater Poller 

4»54 The implication of gloom at the fate of the plutonium gun method 
and the difficulties of the implosion does not misrepresent the atmosphere of the 

laboratory in the spring and sunir.er of 19^4. Yet the program was many sided; 

d ;r . * ' t, v -.i.j T,."e period the Liuc .tcrv en^vy^J its first n-ijor success. Th i.s was 
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the operation of the water boiler to produce divergent chain reactions. This was 
^ first accomplished on May 9, 1944 f and from this time until August a number of 

experiments were carried out to determine nuclear quantities of interest. The 
water boiler was itself an integrife experiment, and provided a general check of 
theory. In fact the critical mass of the water boiler had been predicted by the 
theorists with almost perfect accuracy. Although they pointed out that the 
exactness of this prediction was certainly fortuitous in view of some blind 
assumptions which they had been- forced to make, their prestige in the laboratory 
was given a well deserved boost. In its difficulties and its successes, the 
laboratory was moving into a stage of heightened activity, and preparing itself 
to face the final problems of weapon development. 
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Chapter V 
THEORETICAL DIVISION 

Organization 

4 5*1 The broad purpose for which the Theoretical Division was formed 
as had been said (1.55-7) was to develop nuclear and hydro-dynamical criteria 
relating to the design of the atomic bomb, and to predict the detailed per- 
formance of the weapon designed. At the beginning the bulk of the Division's 
effort ^ accordingly, was devoted to the investigation of two closely related 
key problems: the calculation of the critical mass and the nuclear efficiency, 

5.2 The first organization of the division centered around these 
problems, V/ith the ri3e of the implosion to prominence the organization of the 
Division, under H. A. Bethe as Division Leader, was formalized as follows 
(beginning ^arch 1944): 

T-l. Hydrodynamics of Implosion, Super E. Teller 
T-2. Diffusion Theory, IBL£ Calculations, 

Experiments R. Serber 
T-3* Experiments, Efficiency Calculations, 

Radiation Hydrodynamics V.F. ?/eisskopf 

T-4. Diffusion problems R.F. Feynman 

T-5» Computations D.A. Flanders 

5*3 During June, 1944, H* Feierls took charge of the Implosion Group 

in place of E. Teller who formed an independent group outside the Theoretical 

Division (13.1). This group acquired full responsibility for implosion IBM 

Calculations. During July 1944 Group 0-5 joined the Theoretical Division 

on a part tbue basis, its work in the Ordnance Division being largely completed 

(14.1). 

Diffusi on problems. 

5.4 One of the tasks of the theoretical program at tie beginning of 
the Laboratory was the development of mean;* for predicting accurately the 
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critical raaes of active materials. The essential and moat difficult factor 
in these calculations w«s the theory of neutron diffusion. The ether factors 
were principally matters of evwluatlrg data from scattering and fission 

* 

experiments to obtain the appropriate oross sections, and the number of neutrons 
emitted per fission. The critical mass is defined as that amount of material 
from which neutrons will disappear by leakage and nuclear capture at just the 
rate at which they are bom from fissions occurring in the oass. But to 
calculate, this requires a knowledge of the way in which neutrons will dis- 
tribute themselves on the average in the mass. This is the problem of neutron 
diffusion theory. 

5.6 It was possible, at the outset, to write down the integral 
equation whose solution would give the exact neutron distribution, taking 
account of the variation in velocity of the neutrons, the dependence of 
scattering and fission cross sections on velocity, and the anisotropic nature 
of scattering. This equation, which is written simply on the basis of conser- 
vation considerations, was formulated by Bolttmann «nd bears his name. But as 
it stands this eouatien has no known exact solution. 

6.6 Two kinds of approximate solutions were possible, however, and 
sons calculations had been made by means of them at the beginning of the 
Laboratory. One was that of ordinary differential diffusion theory, in which 
the diffusion of neutrons was treated by analogy with |^mt diffusion. 
Calculations here were relatively simple, but the result^ were known to be quite 
inaccurwte. In fact the neutron diffusion problem doe^|jlot meet the requirements 

* ■ r 't * 
/ • " ■ 

of differential diffusion theory: among other requirements, that of a small change 
of neutron density per mean free path. This condition is satisfied approximately 
in a large pile; but in the bomb the critical size is itself of the order of 
the mean free path. The other attack that had bean developed \v*\s baaed on an 



exact solution of the integral equation of diffusion for one special case. 
This solution was found at Berkeley by S« P. Frankel and E. C. Nelson and 
completed in the first months at Los Alamo3. The conditions under which this 
solution was valid are enumerated below, since much of the subsequent work of 
the Division consisted in an effort to find solutions valid under less restrictive 
conditions. The conditions are: 

a. Neutrons have a single velocity. 

b. The core and tamper nuclei are treated as stationary, and all 
neutron collisions with them as elastic. 

c. Neutrons are scattered isotropically, 

d. The mean free path of neutrons is the same in core and tamper. 

The method of solution found, called the "extrapolated end- point" method, was 
first worked out for untamped spheres, and later extended to the case where the 
mean free path in core and tamper were equal. Ttoe method- was developed independ- 

4 

ently, but was later found to be an extension of a procedure due to Milne for 
the solution of certain astrophysical problems* 

5.7 Using the extrapolated end-point method, it was possible to 
calculate the critical mass of a solid sphere with an effectively infinite b(^) 

tamper, j \ 
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The extrapolated end-point method could not be 



applied in these cases except as an approximation of uncertain accuracy. In 
essence it is a method which applies differential diffusion theory to a fictitious 
scattering material whose boundary or end-point extends a calculable distance 
beyond the actual boundary of the material. It is strictly valid only under the 
conditions enumerated. 
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5.£ The first problem enumerated above was met by ad hoc methods, 
such as replacing the finite tamper by an infinite tamper plus a fictitious 
neutron absorber. The second problem could not be solved simply. / I 
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5.9 The third problem, the case of unequal mean free paths in core 
and tamper, was responsible for a much longer series of developments. The 
first of these was an effort to employ variational principles to solve the 
original integral diffusion equation. / DELETED 

DgLSTED ««JdffHD 

/ 



agreement was very close, .then however the use of the variational techniques 
were extended to the case of unequal mean free path in core and tamper, they 
proved to be extremely laborious. At about this time, moreover (June 1%4), 
a technique previously developed at the Montreal Project was introduced. This 
technique, based upon an expansion of the neutron density in spherical harmonic 
was considerably easier to apply than the earlier variational method, and in 
test cases gave very accurate results. 

5.10 This particular part of the story is completed sometime later 
(LLA ff). But by the end of the period reviewed it was possible to say that 
the neutron diffusion problem had been solved under restrictions (a), (b), 
and (c) above, but with (d) eliminated. Solutions for particular cases were 
still sometimes rather expensive to obtain. 

'* 
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^ y In the meantime assumption (c) , that neutrons were scattered 

isotropics lly , was being looked into. It was found in a number of test cases 
tluit very accurate results could be obtained by assuming isotropy, and 
substituting for the scattering cross section the so-called transport cross 
section, a kind of weighted average which gives the effective scattering in 
the initial direction of motion of the scattered neutron. Assumption (b) w^s 
entirely reasonable , except in the case where inelastic scattering in tamper 
materials had to be considered seriously. With this exception, therefore, the 
main limitation remaining was assumption (a^ , that *1X neutrons have a single 
velocity. t The greater part of the work described so far was done by Group T-2, 
but every group had a hand in it at some point. 

5,12 The attack on the many-velooity problem had proceeded ' 
simultaneously with the work described above, in the sense of investigating 
methods by which the many-velocity problem oould be reduced to a series of one- 
velocity problems. This work was done primarily by Group T-4. The problem 
posed itself naturally in connection with the investigation of the uranium 
hydride bomb. For in this case the energy degradation of neutrons from elastic 
collisions with hydrogen was one of the essential characteristics of the 
chain reaction. Quite early, methods were found for treating the hydride problem, 
with a continuum of velocities, under quite unrealistic assumptions, such as an 
infinite mediuh of core material in whioh there was a sinusoidal distribution 
of neutrons. The ease involving two media, i.e. core and tamper of different 
materials, could not be treated et first. By July, 1944, however, a method 
had been developed which was applicable to a spherical core and tamper. This 
rnethod allowed the treatment of a continuum of velocities, and was subject only 
to the restriction that there be no inelastic scattering in the tamper medium. 

i 
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■Jnfc rtunately this inelastic scattering was not a negligible effect with the 
tampers that were be i rip considered. iYithin a fairly short time this difficulty 
had bee:: overcome, although only to the extent of allowing for three or four 
neutron velocity groups instead of the continuum, 

5.13 In the case of hydrogenous material it could not be assumed 
that neutrons were scattered isotrcpically (assumption (c) above) . It was 
found however, semi-empir ieally , that this fact was adequately accounted for by 
the use of the transport cross section, as in the case of the all-metal 
diffusing medium. 

5.14 Other means for accounting for the oontinuun of velocities were 
adopted in special problems , rich as that of calculating the distribution of 
thermal neutrons In the water boiler, 

Water Boiler . 

5.15 One of the first practical requirements in critical mass 
calculation was to estimate the critical mass of the Hater boiler. These 
calculations were made by a variety of methods. In this case as in that of 
the hydride calculations, the slowing down was an essential factor; in fact the 
boiler would be of small critical dimensions' only because it slowed newtrons 
down to thermal velocities, taking advantage of the larger thermal fission cross 
section of tj2«55^ ^* ne standard method, the "age theory" that had been developed 
by Fer^.i for calculating the thermal neutron distribution in Mies, was in- 
accurate when applied to a small enriched reactor, because it required a very 
gradual slowing down c-t the neutrons. This condition was satisfied for a carbon 
moderator, with mass 12 times that of the neutrons; it was not satisfied with a 
hydrogenous moderator such as water, because the neutrons *nd hydrogen nuclei are 
of the same mass >*nd energy loss can oco-jr rapidly. A group method was developed 
at Los A 1* no «s which used differential diffusion, theory but as same 3 that neutrons 
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were of three velocities (fission energies, intermediate and thermal). A 
number of ether methods .Tentioned above were also tried out on this problem, 
primarily with the purpose of examining the variation among then and as a test 
of their power when applied to a new problem. The finally predicted value of 
the critical mass for the wqter boiler "was almost .exactly correct; a pleasing, 
though rather fortuitous result in view of subsequent revisions of the cross- 
sections involved . 

5,16 A number of other problems affecting the operation of the 
water boiler were examined theoretically; • cooling and shielding, effects of 
temperature changes on the degree of criticality, effect of sudden changes in 

* 

the position of the control rods, etc. After the boiler was put in operation, 

the theorists were of service in connection with experiments, such -as the 

interpretation of fluctuations in its operation. This work was essentially 

completed by the beginning of 1944. Most groups participated in one or another 

type of water boiler calculation, but the main work was that of K. F« Christy 

* in Group T-l„ 

(1 The gun . 
$ " 

yj v 5.17 Critical mass calculations for the gun assembly were complicated 
drimarilv b y the odd s hape of the assembly. _ 

— IjfrtijMift muted 




/The critical mass problem for the gan was not 



"nly that of estimating the number of critical masses , in the completed assembly, 
but also of estimating the amount of active material that could safely be 

* 

disposed in the two parts before assembly. It was also necessary to know how 
the system went from its initial subcritical to its final supercritical position, 

in order to be able to calculate the probability of predetonntion. The early ^ 

( 

rt»U£h_-6pecif tc*tir»jvj for the g.:n h&d been based on critics! ma?*; est'wttes from 




differential diffusion theory.! 
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_/By February 194/^ 



there was pressure • from the Ordnance Division to obtain more reliable specifications, 

and at this time sufficiently accurate calculations had been made^so that, for the 

U 235 gun, Group T-2 specified a^jjil^^in. The specification of the^^^^f^he 

assembly was reached a short time later. The same group was able to give 

j^^) ~* essentially complete specifications by the summer of 19A4 for both gun assemblies, 

forturtately after cross-section measurements by the Detector Group had resulted in 

235 

s lightly JLower average values for U than those used in earlier calculations. 
The Implosion 

5*18 The history of theoretical implosion studies lies mostly outside the 
Theoretical Division until the Fall of 1943. The idea of something like an implosion, 
as an alternative to gun assembly, had entered several heads before the beginning of 
Los Alamos. Its first history at Los Alamos belongs mainly to the Ordnance Division, 
where the initial calculations of attainable assembly velocities were made. 

5»19 The Theoretical Division entered the picture when the fast 
implosion was proposed by von Neumann, and its potentialities as a weapon qualita- 
tively superior to the gun *.vere appreciated. The general story of this development 
is told in Chapters 7, 15 and 16, Here the emphasis will be upon the theoretical 
problems that were involved. Implosion studies were the responsibility of Group 
T-l, with the assistance of other groups, particularly T-2. 

5-20 The first problem attacked was that of the time of assembly when 
(as proposed by von Neumann) large amounts of explosive were used. In this 
• e**« , the energy required for tfie work of plastic deformation v,as snail compared 





to the total energy of t! c explosive, so that to a first approximation the 
kinetic energy of the n:asa moving inward could be assumed to be conserved. 
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solution of the partial differential equation describing the implosion was too 



difficult for hand calculation with the computing staff available at Los Alar.os, 

v/hen a realistic equation of state was employed. As a result the first effort 

nude was to find simpler approximate equations of state. The first method was 

based on a multiphase model, in which the state of the imploding material was 

assumed to change discontinouslv. A considerable amount of effort was nut 

Into the multiphase model, but the results proved very difficult to interpret. ^fc) 
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f These machines arrived in the first 
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part of April, 1944, and in the meantime preparations had been under way for 
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nume r io a 1. integration of the hydrodynaraical equation by means of them. 
Pre llminary caloulat Ions had to.be made to determine the initial conditions 
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at which to stnrt the IBM calculations. 'It was' nscessary to derive the 



equation of .state of uranium at:, high pre 13 sures t li calculation based on; the 
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calculation of the implosion wore 
e^xtre^I^isatisfac^ V(Ve/su,it';£ implosloii model 
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5.28 From those two developments there started a trend of thought 
that radioally altered the whole implosion program. From the IB?' results the 
behavior of the symmetric implosion was Boon rather completely understood. 
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Efficiency. 



5.32 The calculation of efficiency was perhaps the most complex 



problem that the Theoretical Division had to face. The theory of efficiency 
had to follow the neutron chai ^-reaction and neutron distribution in the bomb 



in a medium of fissionable and tamper material that was itself being rapidly 
transformed by the reaction in both its nuclear and dynamic properties. Every 
factor involved in the critical mass calculations was involved here, but in a 



dynamical context which made dubious some of the simplifying assumptions 0^-? 



underlying those calculations. 
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Calculations were so insecure that' they were never Incorporated into the final 
efficiency calculations for the bombs produced in 1945. But an understanding 
of the theory in qualitative terms was an important factor in the final 
decisions on tamper specifications. 
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The Super. 



6.50 The deuterium bonib or "Super" project was relatively divorced 
from the main work of the Laboratory . As a development secondary to that of the 
fission bomb, its importance was nevertheless such that it wes carried on 

* 

throughout the course of the Laboratory. From its first conception, before 
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Los Alamos, thie work was under the direction of Toller. In the lust period 

* "•■ - ; . • .- 

of the Laboratory Teller was joined by Fermi, / By coincidence the first idea 



of 'such a bomb ; ; ' at least in relation to the Loo Alamos program, had been 
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evolved in a lunchtime discussion between Fermi and Teller early in 1942. 
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£.51 A fundaments! understanding of the fast thermonuclear reaction' 
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5*54 These matters were well enough understood in the Summer of 
19 1*2 to make it apparent that a 3uper could, in principle, be made* At the 
Berkeley sunnier conference in 1942, Teller presented his analysis of the 
mechanism and argued that such a bomb was feasible. A good part of the 
discussion at this conference was devoted to the examination of feller's 
proposals * 
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^•56 One further suggestion of great eventual importance was made by 



Konopinski. This was to lower the ignition temperature of deuterium by the 
admixture of artificially produced tritium (hydrogen ^)» The apparently very 
much greater reactivity of tritium led him to this proposal. It wa3 not 
immediately followed up because of the obvious difficulty of manufacturing 
tritium and the hopefulness of igniting pure deuterium. Eventually, as it will 



) 



V-22 



develop, new difficulties of Ignition were Vd be uncovered so that the 
introd jction of art if i c le.1 tritium bepan to appenr necessary, 

5.57 One further topic was discussed at the Berkeley conference, 

the effect of secondary- nuclear reactions. Products of the deuterium-do iter ijm 
(D-$ reaction were, with about enual probabilities, a helium" nucleus plus a 
neutron, or a tritium nucleus and a proton. It was pointed out by !?ethe that 
the reaction of deuterium with tritium, even though secondary, was of considerable 
importance. The T-D reaotion releases nearly five t imes as much energy as the 
D**D reaction; the reaction cross-seotion was moreover likely to be considerably 
larger* 

5.58 The consequences of the Berkeley discussions of the Super were 
that its investigation was continued, that measurements of the D-D and T-D cress- 
sections were undertaken, and that, when the Los Alamos Laboratory was being 
Planned, a research program on the Super was included, 

5.59 After the conference and before Los Alamos the measurement cf 
the D-D cross-section was undertaken by Stanley's group at Chicago, and that of 
the TtD cross-section was undertaken by Holloway's group at Purdue. 

s,60 At Los Alamos no systematic theoretical work on the Super was 

undertaken until the fall of 1943, A cryogenic Laboratory was started by the 

p;roup under E. a # Long, with the object of building a deuterium liquefaction 

plant. A considerable amount of work on the properties of liquid deuterium was 

* 

carried out by Prof. IT. L. Johnston under subcontract at Ohio State University 
(3,96 - 8.9$ . 

5.61 In September, Teller proposed that there be more intensive 
investigation of the Super. Experimental cross-sections had been revised 
upward, so that the bomb would be feasible at lower temperatures. In addition 
there' was some slight evidence that the known German interest in deuterium might 



be directed toward p rod z\ i on cf a si:.ill*r bonb. iVork was res imed at this 
tine, but not 7?it;h high intensity. Teller and his j'ro-;p wore lar~e ly oocinied 
with othar and mora jrgent problems. 

5.62 In the 'Yinter of 194:5-44 an important new theoretica l problem 
was uncovered* 
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T # 6o Tne recognition of this new dissipative mechanism became the 



occasion for a re 7.«il'Jat ion of the Super program. This program vrn s discussed 
at length in a meeting of the Governing Board on February 24, 1944, *t which 
Teller reported on the current state of knowledge (Appendix 7,Nb« 2C) # Deta iled 
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investigations should show that the difficulty of igniting deuterium was toe 
great, there was one remaining alternative, which was to return to the proposal 
of Konopinski to lower the ignition temperature by admixture of tritium. A 
small percentage of tritium wotild bring the ignition temperature down frorr. the 



neighbo rhood of twenty kilovolts to around f ive^ j DKLBTED 
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" 5*64 The practicability of using a tritium-deuterium^ 
limited by the very great difficulty of obtaining tritium. It could be 
produced from the reaction of neutrons with lithium^, yielding tritium and 
heliunA. The very small sample of tritium that had been used in cross-section 
measurements at Purdue had been produced by cyclotron bombardment. larger scale 
production would be possible in such a pile as the Hanford pile, but could 
utilize only the small percentage of excess neutrons not needed to keep the 
pile in production. 

5#65 Both because of the theoretical problem still to be solved and 
because of the possibility that the Super would have to be made with tritium, 
it appeared that the development would require much longer than originally 
anticipated. Even though this was the case, it was decided that work on the 
feasibility of so portentous a weapon should be continued in every way possible 
that did not interfere with the main program. Tollman, who was present at this' 
meeting a3 General Groves 1 s adviser, affirmed that although the Super might not 
be needed as a weapon for the war, the laboratory had a long-range obligation to 
carry on this investigation* 

5»66 Although no final decision was made at the meeting referred to, 

■>» 

it in fact defined subsequent policy. In Teller's group further theoretical 

« 

work was carried on, which confirmed the difficulty of igniting pure deuterium. 
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In May 1944 Dr. Oppenheimer discussed the matter of tritium production with 
General Groves and C. H. Groenewalt of the du Pont Company. It was there 
decided that experimental tritium production would be undertaken, using surplus 
neutron* in the Clinton pile. 
Damage^ 

6.67 The detailed investigation of damage and other effects of 
n iclear explosion was not pursued very far in the period under review. Some 
results, going beyond the rough estimates reported in 1.52 were, however, 
obtained in the summer and fall of 1943. There was further investigation of 
^the shock wave in air produced by the explosion, of the optimum height for ths 
explosion, of the effects of diffraction by obstacles such as buildings and of 

refraction caused by temperature variation. There was some calculation of the 

« 

energy that might be lost through the evaporation of fog particles in the air. 
Estimates were made of the* sire of the "ball of fire" after the explosion, and 

* 

the time of its ascent into the stratosphere. The theory of shallow nnd deep 

i 

underwater explosions was investigated, and led to the suggestion of model 
experiments. 

£.68 One important question was cleared up at this time, which was 
the nature of the dependence of damage upon the characteristics of a shock wave 
in air. For small explosions damage is roughly proportional to the impulse, 
which is pressure integrated over the duration of the pulse (i.e., the average 
pressure of the pulse times its duration) . Investigation made clear the fact 
(not unknown elsewhere) that existing blockbusters are near the limit of size 
at which further increase of the duration of the pulse has any advantageous 
effect on the damage. For large explosions such as those contemplated, damage 
depended only on the peak pressure. This wns important because the peak pressure 
depended op. the cube root of the energy/ whereas the impulse depended on its 
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two-thirds power. Large bombs are relatively less effective (from the point of 
view of purely physical damage) than small ones for this reason. Calculations 
made at the time showed that for bombs of the order of ten thousand tons of TNT, 
the peak pressure would fall below the level of "C w damage at a radius of 3.5 
kilometers. 

$•69 Another important point was clarified at this time, connected 
with the optimum height of detonation. It had been known that the reflection of 

i 

shock-waves by solid obstacles increases the pressure of the shock wave. It was 
shown at this time, however, that this effect was much greater for oblique 
incidence than had been' believed from elementary considerations; in fact oblique 
incidence up to an angle of sixty or seventy degrees from the vertical gives a 
greater pressure increase than normal incidence. Hence it was concluded that a 
considerable improvement in the damage radius could be obtained by detonation at 
an altitude not small compared to the expected radius of damage-* in fact of one 
or two kilometers. 
Experiments 

5.70 Some of the more important cooperative work as between the 
Theoretical Division and the other divisions of the Laboratory has already been 
mentioned; for example the interpretations of scattering data, and calculations 
of the water boiler and hydride critical misses, and the calculations made of 
the hydrodynamical characteristics of the implosion. There was however a more 
extensive cooperation than these isolated instances would suggest* Work done 
ranged from casejauch as these in which the theorists played a large and semi- 
independent role, to ordinary service calculations, particularly the analysis 
of experimental data. For this latter work and for consultation in the design 
of experiments, every experimental group had theorists assigned to it. 
Calculations of a fairly extensive sort were necessary in all experiments in 
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which ^integral" considerations were involved, i.e. in which the results 
depended upon nuclear constants in a complex statistical way. For it then 
became necessary to relate the measured quantities with these constants by 
theory, and to use this theory first to decide whether a given experimental 
design would yield sufficient accuracy to justify its execution, and second tc 
interpret the data obtained. The theorists played this part in most of the 
experimental determinations of nuclear quantities described in Chapters VI and 
XII. 

$.71 One rather conspicuous example of theoretical influence on 
the design of experiments was the "Feynman experiment", an experiment which was 
never performed but whose principle was embodied in several experiments. This 
was simply the prcposal to assemble near-critical or even supercritical amounts 
of material safely by putting a strong neutron absorber (the boron isotope) 
uniformly into the core and tamper. For an absorber with an absorption cross 
section inversely proportional to the velocity of the neutrons absorbed, it 
could be shown that the effect was to decrease the multiplication rate in the 
system by an amount which was directly proportional to the concentration of 
absorber. Thus an amount of material which would be supercritical could be 
made subcritical by the addition of boron;' from a rrcasurement of the rate at 
which the neutron died out in this system, the rate could be simply calculated 
at which they would increase if the boron were absent, 

5.72 Ihe theoretical groupa assisted. the Detector Group of the 
Experimental Physics Division and others in the theoretical analysis of the 
efficiency and other characteristics of detectors and counters. 

5 .73 Aside from its main work in connection with the gun and 
implosion assemblies, discussed above, the Theoretical Division made numerous 
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other analyses and calculations relative to the experimental work of the 
Crdnance Division, In preparation for the RaLa experiments for example, Group 
T-3 analyzed the attenuation of gamma -rays in a homogeneous metal sphere 
surrounding the source, and calculated the way in which this attenuation would 
be increased with compression during the course of an implosion of the metal 
sphere. As another example, the theory of the magnetic method of implosion 
study was investigated in the Theoretical Division in collaboration with the 
experimental! s ts • 

5«7^ Idention should be made here of safety calculations made by 
Group T-l and later by Group F-l for the Y-12 and K-25 plants. The Group Leader, 
E. Teller, was appointed as consultant for the Manhattan District as a whole on 
the dangers of possible supercritical amounts of material being collected 
together in the plants producing separated U^5. 

5.75 During the period described the computations group, T-5, 
carried out innumerable calculations for other groups in the Division, and 
related invest!^ tions In the mathematical theory of computation. Like other 
service groups, its scanty mention is no indication of the importance of its 
work, without which the work of the division would have been in fact impossible. 
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Chapter VI 
THE EXPERIMENTAL PHYSICS DIVISION 

Organ lzat ion 

6.1 The Experimental Physic3 Division was among the first organized 
at Los Alamos. The initial groups were the following: 

P-l Cyclotron Group R. R. Wilson 

P-2 Electrostatic Generator Group J, H. Williams 

P-3 D-D Source Group J. K. Manley 

P-4 Electronics Group D. K. Froman 

P-5 Radioactivity Group E. Segre 

In addition to these groups, two new groups were created in July and Augu3t 1943, 
under H. Staub and B, Rossi respectively. It wa3 the function of the first of 
these to develop improved counters, and of the second to develop improved electronic 

■ 

techniques. Because of the close relationship between these two aspects of 
instrumentation development, the groups were combined in September as the Detector 
Group under Rossi, P-6. Group P-7# the Water Boiler Group, was created in August 
under D. W. Kerst. There were no further changes in the gross organization of the 
Division until the general reorganization of August 1944. R. F. Bacher was 
Division Leader from the time of his arrival in July 1943. 
Equipment 

6.2 When the first members of the experimental physics groups arrived 
in March 1943, the buildings to house the accelerating equipment were not 
completed. The first few weeks were spent in unloading equipment from Frinceton, 
Harvard, Wisconsin and Illinois. Then came the period of installing the cyclotron, 
van de Graaff, and Cocker of t-Walt on. • 

6.3 The bottom piece of the Harvard cyclotron was laid at Los Alamos 
on April 14, ^nd the first week in June 3aw the initial indications of a beam. 



The early work with the cyclotron was done with an internal beam on a 
beryllium target probe and gave an intense neutron source. Early in VJkh, 
an external bean was developed* 

6.4 The two electrostatic (van de Graaff) generators were moved onto 
their foundations in 3uilding iV in April. The "long tank", which at Wisconsin had 
given one microampere at four million volts, gave the first beam May 15. The 
"short tank", which had operated at two million volts, with higher cur rent, gave a 
beam June 10. Both machines were used to produce neutrons from the Li(p,n) reaction 
covering - by properly exploiting the peculiarities of both machines - the energy 
range from 20 kev to 2 Vev. After providing some useful infor.-nation the short 

tafck generator was rebuilt to give higher energy, and thereafter ran satisfactorily 
at 2.5 million volts. It was again ready for use in December 1943. 

6.5 Building Z, which was to house the Cocker of t-Y/alton accelerating 
equipment, was completed later than Buildings X and W. Installation of the 
equipment wa3, therefore, not begun until the end of April. »In this case the first 
beam was obtained June 7. This accelerator was used to produce neutrons from the 
D(d,n) reaction, whence it was usually called the "D-D source", and P-3 the 

D-D Group. This* source gave neutrons up to 3 Mev. 

6.6 That all the accelerating equipment was installed and put in 
operating condition in such a short time speaks of long hours and hard labor by 
the members of these groups. While the accelerating equipment was being set up, 
moreover, plans and instrumentation for experiments were going ahead. At the 
cyclotron, a 5 ! x 5* x 10 f graphite block was set up to give a flux of thermal 
neutrons; it was later rebuilt and increased in size. The cyclotron, by the use 
of modulation, was able to cover the energy range from thermal energies up to the 
kilovolt region, where it overlapped the low energy region of the electrostatic 

t 

generators. Building & was built as an adjunct to Building Z, to house a graphite 
block for the standardization of slow-neutron measurements. Less spectacular than 
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the installation of the accelerating equipment but equally necessary wis th*3 
setting up of equipment far the electronics laboratory, and as the groups concerned 
arrived, for photo-neutron source work, for spontaneous fission investi^'tti on, 
for research on counter equipment and for the water boiler. 

'm 

6.7 The rationale of equipment and organization in this division is 
rather evident. Its program lay almost entirely in the field of neutron and 
fission physics. With the exception of spontaneous fission, the reactions to be 
studied were all of a type induced by neutrons of various energies. Together with 
photo-neutrons sources, the cyclotron, the van jle Graaffs and the Cockcrof t-Walton 
gave neutrons of reasonably well-defined energies from the thermal region up to 

3 Mev. The greatest uncertainties appeared in the 1-20 kev region. On the 
side of observation, all the experimental arrangements involved the use of fission, 
neutron and radiation detectors, together with the necessary electronic equipment 
for registering data. 
Fre3Jjt Linary Experiments 

6.8 In the outline of the experimental physics program in Chapter I 
(1.5^) it was stated that there were certain preliminary experiments which had to 
be done to prove conclusively that the atomic bomb was feasible. One of these was 
to measure the time delay in neutron emission after fission, the other was to 
confirm the theoretically plausible belief that the number of neutrons per fission 
wa3 essentially independent of the energy of incident neutrons, 

6.9 The average time for a neutron generated in a fissionable mass to 
produce its successors in the chain reaction is a factor of primary importance 
in determining the final bomb efficiency. This time consists of two periods: 

the time of flight and the emission time. The first is the time between the emission 

of a neutron after fission and a new fission caused by absorption of this neutron. 

-3 

It is of the order of 10 sec. The emission time consists of the lifetime of the 
compound nucleus plus the time between the splitting apart of the fission fragments 
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and the emission of neutrons from them, Fron theoretical arguments both these 

times should be negligible, of the order cf 10 ^ sec. but it was imperative 

to. confirm the theory experimentally since it was of critical importance that 

this time be in fact small. 

6 #10 The Cyclotron Group had begun the instrumentation for a "Baker 

experiment" to determine the emission time after fission, before leaving Princeton, 

and this was their first experiment at Los Alamos. This experiment takes 

Advantage of the extremely high speed of the fission fragments to measure very 

short emission times. Thus after 10"" seconds the fragments will be about j 

10 centimeters from the point of fission if there is no material in their path. 

235 

A3 the experiment was performed, a foil of U was wrapped around a neutron 
counter, and two cases compared: one where the fragments were permitted to travel 

■ 

out from the counter, and the other where they were stopped in its vicinity. For 

geometrical reasons the chance of a neutron being counted falls off rapidly with 

the distance at which it is emitted. In the two cases the same neutron count was 

obtained within the limits of experimental error. It was thus possible to 

conclude that most neutrons were emitted in times less than 10 seconds, and 

-9 

that the percentage emitted in more than 5»10 seconds was negligible. This 
result was reported to the Governing Board in November 1943 > and one doubt was 
removed. The sar.e result was confirmed later by a different method, using 
apparatus constructed primarily for measurement of the neutron number (6.14)« 
Somewhat later an experiment was carried out by the same group demonstrating that 
the fission time was al30 less than 10"^ seconds. 

6,11 The second unverified assumption, that the neutron number was the 
same for fissions from slow and fast, neutrons, was not accurately tested until 
the fall of 1944 (12.3); the theoretical assurance here was quite strong. \ more 
urgent confirming experiment was the measurement of the neutron number of Pu J ' 9 
At the beginning of the Project it was not even experimentally certain that fission 



of this substance would produce neutrons. To some extent, therefore, the entire 
program of plutonium production was still a gamble. 

6.12 Actually the first nuclear experiment completed at Los AL-imos was 

235 239 

the comparison of the neutron numbers of U and Pu , using a barely visible 

speck of plutonium, which was all that then existed. In this experiment, carried 

out in July 1943 by the Electrostatic Generator Group, neutrons emitted from known 

masses of uranium and plutonium were compared by counting the number of protons 

recoiling from fast neutrons in a thick paraffin layer surrounding the fissionable 

material. The fissions themselves are produced by somewhat less energetic neutrons 

Ionization pulses from the proton recoils were observed with samples of normal 

235 239 

uranium containing U , with Pu , and without any fissionable material. The 
numbers were made comparable by simultaneously recording the fission rates in a 
monitor chamber. To determine the relative number of neutrons per fission from 
the relative number per microgram, it was necessary to measure their relative 
fission cross sections for the particular energy spectrum of the neutrons used. 
This was done by comparing the two materials in a double fission chamber. 

6.13 Another experiment wg.s carried out simultaneously by the same group 
as a check upon the first. This used a thorium fission detector, and the primary 
neutrons used to cause fission had energies well below the fission threshold of 
thorium. Despite the small amount of plutonium available for these experiments, 
they showed that the neutron number for plutonium was somewhat greater than, that 
for uranium, and gave a value for the ratio of these numbers which was not 
materially Improved by later measurements. 

The Neutron f 'umber 

6.14 Other relative and absolute measurements of neutron numbers were 
carried out in this period. At about the date of the first experiment described 
above, the ratio of the neutron numbers of plutonium and uranium was roughly 
checked by the Cyclotron Group, and somewhat later a precision determination was 



carried out. 




6.15 As was stated above, the assumption that the neutron number is 
independent of the energy of the neutrons initiating fission was in need of 
experimental confirmation. In the spring of 1944 the Cyclotron Group and the 
Electros tat ic v Generator Group compared fissions from thermal neutrons with 
those from 300 kv neutrons, and found the ratio of neutron numbers to be unity 
within rather wide limits of experimental error* later this ratio was re-measured 
with smaller experimental errors, and the value of 1.0 confirmed for both U^-^ 

> and Pu . 

6.16 The neutron-number measurements described above (6.12-6*15) are all 
relative, i«e., they involve comparison of one neutron number with another. The 
only absolute measurement was that which had been made at Chicago by Fermi. This 
value was in doubt (1. 59) # and one of the early problems was to check its value. 
The graphite block at the cyclotron gave a strong flux of thermal neutrons to 
produce fissions in the sample. The number of fast neutrons (from fission) was 
measured by measuring the resonance activity acquired by indium foils and 
calibrating this measurement by comparison with the activity induced by a radon- 
beryllium source of known output. The number of fissions was counted simultaneously, 

239 

and the number of neutrons per fission thus obtained for both U ^ and Pu . The 

radon-beryllium source used was calibrated by the Standards Sub-group of the D-D 

Group. Even without standardization the ratios for the neutron numbers of U*^" and 
239 

Pu gave a check of previous relative measurements. 

6*17 In Chicago meanwhile Fermi was also 'checking the absolute neutron 
number of by two methods, obtaining 2,14 and 2 # 18 neutrons per fission, a 

result that agreed with that obtained at Los Alamos. 
Spontaneous Fission Measurements 

6.1S . Before coming to Los Alamos in the sunnier of 1943* the Radioactivity 
Group had been making spontaneous fission measurements in Berkeley. Hie practical 
importance of these measurements derived from the need to minimize the neutron 
background in the bomb material. In particular the neutrons from spontaneous 



fissions would set a lower limit to this background, below which it would be 
useless to reduce the background from (a,n) reactions in light-element impurities. 
Tn these experiments the size of the samples that could be investigated was 
limited by the need to avoid spurious counts in the ionization chamber caused by 
the coincidence of several alpha pulses, simulating the large pulse of a single 
fission. Since spontaneous fission decay is a very slow process, the result was 
that the data "had to be taken over long periods of time, with consequent great 
care in the design and operation of equipment. 

6*19 After coming to Los Alamos in June 1943 the Radioactivity Group 
constructed new ionization chambers and designed new amplifiers in order to make 
use of the iUrgersamples of material that were becoming available. The F^jarito 
Canyon Field Station was set up several miles from Los Alamos in order to get away 
from the high radiation background associated with the Laboratory, and which would 
have masked completely the low counting rate from spontaneous fission. 

6.20 In the fall of 1943 the Laboratory received a report to the effect 
that Joliot had found neutrons associated with the alpha radioactivity of polonium, 
a characteristic presumably of alpha emission as such. Because the difficulties of 
purifying polonium were already well known at Los Alamos, it was generally believed 
that Joliot must have overestimated the purity of his material, and that his neutrons 
were really from the (a ,n) reaction of light element impurities. Such a "Joliot 
effect", if real, might materially Jfcf feet * the program of the laboratory. Plutonium, 
as an alpha emitter, might have a neutron background that could not be brought down 
to tolerance by chemical purification* And as such, a polonium-beryllium initiator 
might be unusable because of neutrons associated with the polonium alpha radiation, 

6.21 The alpha emitter- that could be most easily purified was radon. 
Accordingly, a radon plant was constructed by the Radiochemistry Group, and two 
grams of radium procured for "milking". Investigation failed to reveal any 
spontaneous neutrons. This work was dropped when polonium purification and the 



direct measurement of spontaneous neutrons froi.: plutcr.ium were achieved (12. v 3). 

6«22 In Jecenber 1943, came indications ti at some of the fissions in 
the 235 isotope were probably not spontaneous, but caused by cosmic ny neutron;-. 
The evidence for this was thc-t while the fission rates as determined at Berkeley 
and Los Alamos showed fair agreement for U , the Los Alamos rate was considerably 
higher for Since a large percentage of the cosmic ray neutrons are too slow 

to cause fissions in the former substance but do cause them in the latter, the 
results would be explained by the higher cosmic ray intensity at the Los Alamos 
elevation of 7300 compared to sea level at Berkeley. 

6.23 The early estimate of 2000 feet per second as the minimum velocity 

of assembly for the 235 gun method was based upon the Berkeley spontaneous fission 

measurements, which indicated about two neutrons per gram per second from this 

source. Afttr the discrepancies had been observed, it was found at the fa.v.rito 

station that a boron-paraffin screen reduced very considerably the number of 

"spontaneous" fissions observed, in both and Pu^^» In order to estimate 

239 

the spontaneous fission rate of Fu in a reasonable time a new system was 
constructed in the spring of 1944, which permitted measurement from 5 milligrams 
of plutonium. In July 1944 it was found that there was a significant difference 
between the spontaneous fission rates of plutonium from cyclotron irradiation and 
from the much heavier irradiation of the Clinton pile. At this time it was 
suggested by Fermi that the higher spontaneous fission rate in the latter material 

2J.Q 

might be caused by Pu f resulting from the (n,y) reaction in the pile, A 
re-irradiated sample gave still- higher spontaneous fission counts. These 
observations constituted, in fact, the first direct observation of the existence 
of the new isotope. 

6,24 Since for economic operation the Hanford plutonium, would be heavily 
irradiated, the neutron background in this material -.was predictably too high for 
the use of gun assembly. It was this fact that forced the abandonment of the 



plutoniuii. gun assembly program, and made necessary the success of the implosion. 

/" 

( i The further consequences of this development are traced in other sections. 

Energy Spectrum of Fission Neutron s 

6.25 Frevious to Los Alamos same work had been done to investigate the 
energy distribution of the neutrons emitted by the fission process. It appeared 
that the mean energy was about 2 Mev, but that an appreciable fraction of the 
neutron3 had energies less than one million volts and so would be incapable of . 
causing fission in U*^. The cloud chamber data from Rice Institute (1.62), 
involved big corrections; the data of ion chamber pulse size distribution from 
Stanford (1.62) looked reasonable theoretically. These results showed neutrons 
tailing off from one million volts, agreed with older experiments on range and 
effective energy as obtained from 3lowing-down and from hydrogen cros3 section 
measurements. The photographic emulsion technique used at Liverpool showed a 

^ much sharper maximum at about 2 Uev (1.62). All the above measurements suffered 

froir. having heen made with large masses of dilute material, which gave a good chance 
that neutrons would lose energy from inelastic scattering before being measured. 

6.26 Another of the early problems was therefore the more accurate 
determination of the fission spectrum. The photographic emulsion technique appeared 
to be the most promising method for covering a wide range of neutron energies in 

one run and for keeping the scattering material to a minimum. It was straightforward 
and involved no appreciable corrections if carefully executed. Fl^te3 were 
exposed at the University of Minnesota by the Electrostatic Generator Group; one 
of the e^rly tasks, when they came to Los Alamos, was to set up equipment and train 
personnel to read the plates. Early results showed that in shape the high energy 
end of the spectrum agreed with the British and Stanford results, but on the low 
energy side it disagreed with both. The plate3 were calibrated with the D-D source 
and electrostatic generator Li(p,n) source. ? "casuremcnts agreed, on the whole, with 
the former cloud chamber measurements at Rice Institute. Meanwhile at Stanford 
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the method \x30d there was carefully reviewed since both the maximum and mean 
energies were considerably lower than those obtained from cloud chamber and 
photographic plate data* This could be explained by inelastic scattering and 
consequent distortion toward lower energies. The final Stanford report was 
written in the sunnier of 1943 and personnel of the group carae to Los Alamos. 

6.27 At Los Alamos a detailed comparative study of the advantages, 
difficulties and limitations of the various schemes for neutron spectroscopy were 
made. Several additional experiments were made by the Electrostatic Generator 
"roup and the Detector Group, and converging results were finally obtained, 

6.28 As a corollary to the effort to obtain quantitative knowledge of 
the fission spectrum, much effort was put first by members of the Detector Group, 
and later by the Electrostatic Generator Group into the design of mock-fission 
sources, i»e,, neutron sources with neutron spectrum comparable to the fission 
spectrum. .Such sources were later used in semi- integral experiments to measure 
average cross sections under conditions closely resembling those in an actual 
fission bomb. A satisfactory mock-fission source was finally achieved in May 1944, 
by allowing the alpha particles from a strong polonium source to fall on a mixture 
of neutron-producing substances, the mixture being in such proportions that a 
reasonable reproduction of the fission spectrum was obtained. A series of photo- 
graphic plate determinations of the spectrum from various mixtures indicated that 
NaBF^ gave an excellent mock spectrum. 

Fission Cross Sections 

6*29 The critical mas3 and efficiency of the bomb depends upon the cross 
sections for fission, capture, and for elastic and inelastic scattering at all 
energies for which there are appreciable number of fission neutrons. Previous 
work in this field has been reviewed in 1.62-4. As stated there, further work 
was required both in determining the absolute cross sections at various energies, 
and in measuring their variation as a function of the energy of incident neutrons. 
The emphasis, in fission cross section measurements, was early influenced by 



interest in the uranium hydride bomb. The theory of this bomb is explained more 
fully in Chapter V. 3uff ice it to say that the practicability of this type of 
weapon depended on the hypothesis that the slowing down of neutrons by hydrogen 
was compensated in its delaying effect by a corresponding increase in the fission 
cross section v/ith decreasing neutron energy. If this hypothesis were true the 
rate at which the explosion takes place would remain the same as In a jretal bomb, 
while the critical mass would be considerably decreased. Evidence for the 
inverse dependence of cross section on neutron velocity was the early work at 
Wisconsin (1.63) which showed approximately l/v dependence from 0,4 Mev down to 
100 Mev. The same law of dependence was also verified between thermal velocities 
and 2 ev. On the other hand when the latter dependence was extrapolated to 
higher energies, and the high energy curve to low energies, the two failed to 
cross. In fact between 2 ev and 100 kev there was found a 12 fold increase in 
the coefficient of l/v to be accounted for* Since the practicability of the 
hydride bomb depended upon the actual shape of the curve in this region, it 
was of great importance to know approximately where the break occurred. 

6^0 In this connection it wa3 found from boron absorption measure- 
ments made by the Electrostatic Generator Group in August 1943 that the break 
occurred between 25 and 40 ev. This was the first indication that fission cross 
sections do not follow a simple lav; in the epithermal region. Because the break 
occurred at this low energy, the possibility of a hydride bomb was not yet 
excluded. 

6.31 A more extended sequence of measurements followed by which the 
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relative fission cros.3 sections of Pu and U were measured as functions of 

neutron energy. At this time the properties of the former material were not well 

known and it was of direct interest to learn how its fission cross section compared 

235 

with that of U , which was knovm to be good bomb material. Experiments in 
which one cross section was to be compared with another were relatively easy to 
perform, requiring only the simultaneous counting of reactions occurring when 



two or more fcilj of known Losses were immersed in the same neutron flux. In 

this way all the cross sections for fissionable materials available at the 

time were r.easureJ relative to the cross section. The "latter was, however, 

itself in some: question, both as to its absolute value and its change with energy, 

23S 239 
Such relative measurements were made for U , thorium, ionium, Fai , proto- 
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actinium, neptunium , and also for the (n, a) reaction in boron and lithium; 

they were carried out over an energy range from about 100 kev to 2 Mev. 

6.3-2 Apart from the importance of knowing the absolute crosa sections 

for the primary materials, the other cross sections were useful as tools for 

233 232 

neutron detection. Those elements, such as U , Pa, and Th , which had fission 
thresholds at high energies, were useful where a particular fraction of the neutron 
spectrum was to be examined. The elements boron and lithium proved to have 
approximately l/v absorption cros3 sections and were useful for measurements in 
the 1 to 20 kev gap left by Los Alamos accelerating equipment* Further fast 
neutron reaction cross sections were measured of elements such as go Li, phosphorus, 
sulfur, indium, etc. Lven at this early date it was realized that reactions 
leading to radioactive isotopes would provide useful experimental information 
if the energy responses were known, since there would be many experimental 
arrangements where bulky detection chambers could not be used. 

6.33 There were two difficult problems associated with cross section 
measurements, one of which wa3 not yet completely solved by the end of the war 
period. These were: 

(1) The absolute measurement of neutron flux over a wide energy ran^e, 
so that some easily detectable reaction products, such as those from 

fissions, could be established in terms of an absolute and accurate 
flux standard. 

(2) The production of mcnoergic neutrons of energies from 1 kev to 50 
kev with sufficiently high yields to perform necessary experiment .< -md 
with good energy resolution. 



6.34 The first problem was finally solved for the r^r^e between 
400 kev : md 3 Mev by the careful work of the Detector ^rou; , who used the 
Li(p,n) and D(d,n) neutron source3 and an electron-collection parallel-plate 
ionization chamber, with which the number of recoil protons from a thin tristearl 
film could be accurately counted. The success of this experiment depended in 
part on the accurate determination of the (n,p) scattering cross section, carried 
out earlier at Minnesota. It also depended upon the theoretical interpretation 
of the differential bias curves obtained in electron collection, 

6.35 It should be mentioned in this connection that high counting 
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rates, large alpha background in chambers with Pu and ether types cf back- 
ground, had led to the development in the Detector Group and the electronics 
Oroup respectively of new counting techniques involving electron collection, 
and new. fast amplifiers (6.^5). This caused a minor revolution in the counting 
techniques and electronic equipment used by the Physics Division. 

6.36 The second problem was partially solved when early in 1944 the 
short electrostatic generator rebuilding program was completed (6.4)- High 
currents and energy regulation to within 1 # 5 kev incorporated into this machine 
made it possible to utilize the back-angle neutrons from the Li(p,n) reaction 
down to less than 5 kev. Development of new oounters - the so-called long 
counters - indicated the possibility of bringing the absolute fission cross 
section measurements down to the region of a few kev, where they were still 
extremely uncertain. This apparently simple experiment became long and 
involved because of difficulties in interpreting the counter data obtained. 
Checks by independent methods became necessary, one of which gave considerably 
lower cross section values in the 30 kev region than had first been obtained. 
If this lower value of the cress section were correct, it would reduce somewhat 
the potentialities of the hydride bomb. After considerable further investigation 
of counters and the construction of an antimony-beryllium source of 25 kev 
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neutrons, the lower value was finally confirmed. The principal result of 
these efforts was another blow to the hydride gun program, 

6.37 Absolute fission cross section measurements at several energies 
in the range 250 kev to 2.5 Mev were undertaken by the Detector Group in 
collaboration with the Electrostatic Generator Group and the D-D Group. 

These measurements , as stated above ( 6,34) were based upon the comparison of 
fission cross sections with hydrogen scattering cross sections* The results 
provided a reliable standard for other measurements , in which the relative 
values were more reliable than the absolute. 

6.38 The fission cross section of i n the region below 1 kev 
was measured by the Cyclotron Group, early in 1944, monoergic neutrons being 
obtained by the "velocity selector" ♦ In this method, the neutrons are separated 
into velocity groups depending on the time of flight between source and detector, 
over a path several meters long. The velocity selector equipment had been built 
before Los Alamos, at Cornell, and was extenpively rebuilt before cross section 
measurements were obtained. 

6.39 A few other fission cross section, measurements were made during 
this period at isolated energies, notably by the Radioactivity Group using 
photo-neutrons • 

6.40 The earliest measurement of capture cross sections was 
primarily the work of the Radioactivity Grcup. The principal method was the 
measurement of radioactivity induced by neutron capture. Of interest were the 
capture cross sections of fissionable materials, cf possible tamper materials 
and of other materials that might be present in the bomb assembly. 

6.41 Capture cross sections were measured in a wide range of potential 
tamper materials, some of them very rare by ordinary standards, but cheap in 
comparison with active material. Platinum, iridium, and gold were among the 

substances investigated, as was the very rare element rhenium. The Experimental 
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Ihysics prorrr.sa report for April 1944 1 gives a summary of nearly two dozen 
/ elements and isotopes whose capture cross sections had been measured by the 

Hadioactivity Oroup, 

6, -12 A very extensive series of capture cros3 section measurements 
was carried out in the Electrostatic Generator Group. A photo-neutron source 
was surrounded by spheres of potential tamper material, and the attenuation of 
neutrons measured. This method has the advantage over the measurement of induced 
radioactivity that it does not require an absolute flux determination or interpret 
tat ion of induced activity, and that the resultant nucleus does not have to be 
radioactive. It has, however, the disadvantage that the spheres must be large, 
allowing a considerable degradation of the energy of the neutrons through inela3tic 
scattering, and that v it requires a knowledge of the transport mean free path. 
The long counter ( 6#84 ) was used in these experiments, since its sensitivity is 
nearly independent of neutron energy. By August 1944, a large number of substances 
C had been examined, and preparations were being made to check the data obtained, 

a job that wis not completed until the spring of 1945 ( 12.26)* 

6.43 The capture crosa sections for active materials were subject to 
intensive investigation when it was observed, from two independent sources, that 
radiative capture might be an important process competitive with fission. One 
source was the outcome of the low energy fission cross section measurements of the 
Cyclotron Group. Here rather sharp resonances were discovered, i.e., relatively 
narrow energy bands in which the fission cross section increased because of 
resonance. This result implied that the relatively well defined character of the 
resonant energy would be associated with a complementary uncertainty in the 
duration of the state. This duration might be long enough to permit radiative 
energy loss as a significant alternative to fission. The second source was the 
measurement of neutron-induced radioactivity by the Radioactivity Group, 
( A number of activation cross sections were measured relative to the fission cross 
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section of i,"" . Consistently higher results were obtained than by other methods, 
when the known absorption ( capture-plus -fission ) cross section of IP 0 was jsed, 
Xt was pointed cut that these difficulties would be removed if one could snow the 
existence of a competing process, such as the (n f T ) reaction, with a probability 
not small compared to that of fission. The ratio of these probabilities 13 called 
t.'ie "branching ratio** of radiative capture tc fission. 

6,44 Experiments to measure the branching ratio were begun in the 
fclectrostati.-: Generator Group early in 1944 for U 235 . The method used by this 
group *a;? to measure the ratio of the boron and lithium absorption cross sections 
to the fission cross section. Since the capture in boron and lithium results 
only in non radiative disintegrations, no radiative capture cross section is 
involved in the experiment. In previois Chicago measurement.-* the ratio of 
the boron absorption cross section to the U^^S abso rption cross section has been 
measured. Hence the ratio of the Chicago and Los Alamos figures would give the 
ratio of absorption to fission, a quantity whose difference from one would be the 
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lea i red branching ratio. A value of ,16 was obtained for therml neutrons In V , 
indicating considerable radiative capture. Th.'.s apparently unfavorable result was 
in fact an advantage, if one made the theoretically plausibla assumption that the 
branching ratio decreased at the high -nergies predominant in an exploding bomb. 
Tne advantage arose from the fact that no appreciable energy dependence cf the neutron 
number had a3 yet been detected! and since all of the L03 Alamos neutron number 
measurements were relative to the Chicago measurement of neutrons emitted per neutron 
abs or bed_ # a finite radiative capture implied a somewhat higher ratio of neutrons 
knitted per fission. One had therefore underestimated the high -energy effective 
neutron number. In order to test the expected behavior of the branching ratio with 
energy, the experiment was immediately extended to the fast neutron region, and the 
ratio of the boron to fission cress sections measured over a considerable energy 
^ region. A definite value for the high energy branching ratio could not be obtained, 
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however, until better fission and absorption cross sections were available in the 
relevant neutron energy region, the extension of the experiment resulted principally 
in determining the boron - and lithium - to fission cross section ratios. 

6.45 An independent measurement of the branching ratio was ;nade in the 
Radioactivity Group, by the comparison of two cross section ratios. These were 
the ratio of the fission cross section of 

1)235 

to the capture cross section of gold 

235 

(and manganese), and the ratio of the absorption cross section of U to the 
absorption cross section of gold (and manganese). The branching ratio calculated 
frbm these data gave about the same value as that obtained by the Electrostatic 
Generator Group. 

6.46 A third measurement of the branching ratio was incidental to the 

measurements of the Meutron number carried out by the Cyclotron Group in early 

summer of 1944- (6*14). The value obtained for was in reasonable agreement 

with those from the experiments described above. A value was also obtained by them 
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for the branching ratio of Fu , which indicated that it was much larger than for 
235 

U , in fact about 0.5# This result indicated a large gain in the effective 
neutron number for high energies, if the branching ratio fell off with high energies 
as expected. 

6.47 Another measurement by the same group gave the branching ratio of 

239 235 
Pu as a function of the branching ratio of U , which was again consistent with 

earlier data. 

6»4& No successful measurement of the branching ratio as a function of 

energy was made during this period , it was in fact only measured indirectly at 

a much later date (12.21). There was, however, a measurement of the branching 
23# 

ratio in U at high energies by the Radioactivity Group. Its purpose was to 

23# 235 
determine the neutron absorption by U J remaining in the separated U , 

Scattering Experiments, Choice of Tamper 

6.49 At the beginning very little was known about the scattering 
properties of potential tamper materials. As an important factor in ultimate bomb 
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design, the choice of a tamper had to be made as soon ai possible. The notirn 
^ prevailed for some time that inelastic scattering 'i.e., scatter i ng, i n which the 

neutrons, although not captured by the tamper nuclei, lege part of their energy to 
them by excitation) would P I, 4 y an unimportant role, since it would probat.lv reduce 
neutrons to a vcrv low energy where they would not qontribute materially to the 
explosive chain reaction. Very little was known, moreover, about the variation of 
scattering with neutron energy. It was thought, at the time, that the mo 3 t 
important part of the fission spectrum lay at high energies, near 
2 Stev.. Tt was felt that to a first approximation the usefulness cf a tamper would 
be determined by the number of neutrons reflected backward to the core. It wa3 
therefore decided that the most rapid collection of pertinent information could be 
made by comparing the back scattering of trial tamper materials for D(d,n) neutrons 
from the Cocke roft— Walton. This, could be done using either a non-directional 
detector with a paraffin "shadow cone" to reduce direct beam, or with a directional 
detector. The shadow cone method greatly reduced the range of scattering angle 
measurable. It was thought that a directional detector could give an average over 
the angles from 120° to 180° in the geometry possible. 

6.50 The D-D Group undertook these measurements by both methods in 
August 1943. The first directional detector was a spherical ionization chamber with 
a large directionality factor, *The first scatterers measured were discs 1 inch 
thick and 10 inches in diameter of lead, iron, gold and platinum. Th* latter two, 
vulgar wonders in an atomic bomb laboratory, brought a great stream of visitors from 
other groups. Lead showed up best per unit weight, but because of its relatively 
low density wa i 3 not much better than gold or platinum. 

6.51 Although the geometry used for back-scattering ceverei the angles 
120° to 180°, it was discovered - as theory caught up with experiment - that a very 
3mall range of angle near 137 was weighted predominantly. Hence if back scattering 
were not uniform, the data obtained could be quite misleading. Several councils 
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of war about this state of affairs resulted in an extension of the measurements. 

6.52 This incident was of some importance in the growth of the 
Laboratory. An essential part of the design of such an experiment as this is 
sufficient preliminary analysis and calculation to show that from a given experi- 
mental arrangement the data sought can actually be got. For efficiency most of 
the elaborate calculations of this sort are delegated to members of the 
Theoretical Division' because of their special skill. In this case the liaison 
between the latter and the D-D Group had been inadequate and a need for closer 
liaison was recognized. 

to 

6.53 By the end of October 1943 back-scattering measurements had been 
completed for a large li3t of substances, and a number of instrumental improvements 
had been made* After the first survey, the list of .possible tamper materials 

was restricted to tungston, carbon, uranium, beryllium oxide, and lead. At about 
(_ this time, also, measurements of the fission spectrum indicated that the 

important energy range was nearer 1 Uev than 2 I.'ev. Results of the first 
experiments- indicated, moreover, that earlier ideas about inelastic scattering 
were incorrect, and that inelasticaily scattered neutrons could play an 
appreciable role in the functioning of a tamper. Recognition of their possible 
Importance was made easier, also, by the current concern of the laboratory with 
the uranium hydride bomb. The same increase din cross section with decreasing 
energy that made this bomb seem feasible also suggested that neutrons slowed by 
inelastic scattering might still make a considerable contribution to an explosive 
chain reaction. 

6.54 For these reasons prepa rat ions were made for the stud;; of 
scattering as a function of energy and scattering angle, taking account of 
inelasticaily scattered neutrons. This work was done cooperatively by the D-D 
and Electrostatic Generator Groups, beginning in November 1943* Back-scattering 
data were obtained at 1*5 Itev and 0.6 !..ev, as well as 3 f.'ev. In addition to 
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overall back-scattering measurements, an experiment was x^erformed to give 
specific information on the degraded neutrons as a function of primary 
neutron energy for the elements still in the running as scatterers. 

6*55 Materials studied in these experiments were carbon, lead, TX^& 
uranium, beryllium oxide and tungsten. These are listed in the order in which 

MURED 



they appeared promising. 
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During May, June and July this scries of 




xperiments had been extended to uranium nitride, lead dioxide, cobalt, manganese, 
nickel and tantalum at several energies. 
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6.56 One further scattering experiment was begun in this period, an 
integral experiment which would attempt to obtain information about the hydride 
bomb. The D-D source was to be surrounded by a modifying sphere mocking the 
hydride core as nearly as possible, integral tamper properties would be 
investigated around this core as well as neutron distribution in tamper and core. 
One instrumental development that occurred in this connection was a new fission 
detector. This was a spiral ionization clnmber with a spiral of depleted 

so wound as to give a large surface area in a small volume. . This counter operated 
at efficiencies as high as #5 per cent. 
The Water Boiler 

6.57 The first chain reacting unit built at Los Alamos was the water 
boiler, a low-power pile fueled by uranium enriched in It was the first 
pile built with enriched material, the so-called alpha stage material containing 
about 14 per cent The necessary slowing down or moderation of fission 
neutrons is provided in this system by the hydrogen in ordinary water: the 
active mixture is a solution of uranyl sulfate in water solution. The tamper 



chosen was beryllium oxide. 



6. 5# The purpose cf this undertaking was partly to provide a strong 
neutron source for experimental purposes, and partly to serve as a trial run in 
the art of designing, building and operating such units. It was an integral 
experiment to te3t a theory similar in some respects to that involved in the 
design of a bomb. It was the first of a series of steps from the slow reaction 
first produced in the Chicago pile to the fast reaction in a sphere of active 
metal. It laid the foundation of instrumental and manipulatory technio A ues required 
in the later and mere exacting steps of the series. Unfortunately, the experimente 
at Los A lair, og did not have the full benefit of experience gained by those at 
Chicago> the result was some unnecessary d e lay before the first chain -react ion was 
started, 

6.59 In the first months the water boiler calculations absorbed a fair 
part cf the time of the Theoretical Division, Calculation of the critical mass 
depended upon the application of diffusion theory to a complex system consisting of 
active solution, container and tamper. For economy of material it was important 

to find the optimum concentration of the solution. The number of hydrogen nuclei 
had to be larp t e enough to slow down the neutrons to thermal energies, and snail 
enough not tc capture too many of them, 

6.60 One of the first problems associated with the water boiler was the 
choice of a site for its location. It was located in an isolated recion, primarily 
for reasons of safety. The boiler was first planned for 10,000 watts operation. 
The radioactivity of fission fragments from intermittent operation was estimated 
at 3,000 curies; the minimum safe distance from unprotected people was calculated 
on the assumption that a mild explosion could disperse this activity into the 
atmosphere. Tt was also desirable to operate in an isolated location because of 
the possibility cf high instantaneous radiation in case of an uncontrolled chain- 
reaction. 

I 

6.61 During the month cf September 1943, while design of the holier 
and of the building to house it was still in a preliminary stage, Fermi and ^lliaon 
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came to Los alamos from Chicago to discuss the problems connected with such a ^mit. 
They pointed out a large number of difficulties connected with operation of the 
boiler as a high-power neutron source. Some of these difficulties had already 
been anticipated but their acuteness had not in all cases been fully appreciated. 
One was a considerable gas evolution which would cause unsteadiness of operation. 
Decomposition of the uranium salt and consequent precipitation would result frora 
the large amount of radiation to which it would be subjected. Heavier shielding 
than had been planned would be necessary. 

6.62 As a result of these discussions, it was decided to omit from 
the plans for immediate construction all features necessary for high power 
operation, and 50 ahead with the design of a boiler for low power operation. 
Provisions were made in the plans, however, for later installation of equipment 
necessary for high power operation. The main omission was equipment for chemical 
decontamination, unnecessary when the boiler wis open-ted at trivial power outputs. 

6.63 The reasons for going ahead with these modified plans were two. 
Although the boiler could no longer be used as an intense neutron source, it would 
make possible the investigation of a chain-reacting system with a very much higher 

enrichment than had previous piles. The second and main reason, however, was 
again that of gaining experience in the operation of such a system and of preparing 
personnel and equipment for the later critical experiments. 

6.64 Construction of the building to house the boiler and associated 
laboratories was begun at the Los Alamos Canyon or Onega site in October 1943, 
(see 3ite map) and completed in February 1944. This building was intended not only 
for the boiler, but also for later critical assemblies (15*4). By the time of 
completion detailed plans for the boiler were ready and construction was begun. 

6.65 Design problems included safety features in the building (e.g., a 
heavy concrete wall separating ti e boiler from rer.iote-control equipment), a 
thermostated enclosure to maintain constant boiler temperature, recording and - 

« 

monitoring equipment, including ionization charbers and implif iers , control rod^ 




and their associated mechanisms, ; i suj. pcrtiny structure for tie tamper :ind container, 
the container it3elf together with r.e:tns for putting in and removing solution, 
design of beryllia bricks for ease in fabric 'it in/; :nd stacking the tamper. 
Jpeclf icitions fcr the tamper and active solution were worked out in conjunction 
with the liadiochemistry Group (3.63- '.69) and the Powder ?.!etallur^y Group (^.49- 
8.51) the original choice of renter ill and size specification having been r.ade by 
the theorists. 

6.66 Between the completion of the building in February 1944, ~nd the 
first operation of the water boiler as a divergent chain reactor early in Lay 1944, 
the Water Boiler Group was engaged in the construction and installation of equipment, 
the discussion of experiments and instrumentation for such experiments, and with 
tests of the equipment, 

6#67 late in April 1944 a series of tests were begun to test the fluid 

handling equipment of the boiler, and the counting equipment* These tests ended 

with the use of normal uranyl sulfate .solution. By this time enough enriched 

material had arrived, and after some pur if icat ion and preparation of solutions by 

the chemists the first tests were made to determine the critical mass. The 

successful operation of the water boiler as a divergent chain reactor marked a 

small but not unimportant step in the development of the art, a step toward the 
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controlled use of nuclear ener<3y from separated U or plutonium. 

6.63 A nunber of experiments were undertaken during this period by tie 
7/ater Boiler Group, prior to the general reorganization of the Labor- tor^- in 
August 1944. 

6.69 The operation of the water boiler, like that of other controlled 
reactors depends upon the very small percentage of delayed neutrons; there make 
it possible to keep the system below critical for prompt neutrons and in the 
neighborhood of critical for all including the delayed neutrons. Mthough the 
delayed neutrons are only about one per cent of the total, in the region near 
critical the time dependence of the system - its rate of rise or fall - is of 



the order cf the delay period* prcmpt chains die out constant ly, to be reinstated 
fr.Iy Df^cause of the delayed neutrons. 

6.70 One experiment planned and carried out with the water boiler 
(as well as with later assemblies) was the experiment proposed by Rossi and 
bearing his name. It was an experiment to determine the prompt period, fhis 
period depends on the time after fission that is taken for the neutrons to be 
emitted, on the fission spectrum, and on the scattering and absorption characteristics 
of core and tamper. It was essential tc measure the prompt period in a r.e-al 
assembly as accurately as possible in order to predict the efficiency >f the 
bomb, which varies as the square of this quantity, Tt3 measurement in a neurogenous 
assembly would not give direct information relevant to efficiency calculation, but 
would provide experience and instrumental development, and would also be a check 
on theoretical predictions. 

6,71 The Rossi experiment counts neutron coincidences. The presence 
or a prompt chain in the reactor is presumed whenever a neutron is counted, A 
ti.Tie analyzing system then records the numbers of neutrons counted in short 
intervals of time immediately after the first count. This gives a direct measure 
of the prompt period., 

6.72 Another method, which gave less interpretable results, was 
rapidly changing the degree of criticality by means of a mo tor -driven cadmium 
control vane, 

6.73 A third experiment was the measurement of the spatial distribution 
of neutrons in the boiler solution and tamper. This was carried out by means of 
small counters placed in various positions in the boiler and tamper, and served 

as a check against calculations from neutron diffusion theory, 

6.74 A fourth experiment, related to the Rossi experiment, was the 
measurement of fluctuations in the neutron level in the boiler. This measurement 
was of interest in connection with the variation of the neutron number from fission 
to fission, a variation in turn connected with the statistical aspect of the chain 



reaction In the bomb, in particular the prede tonation probability. The first 
measurement gave a value for the fluctuation of counts in a counter, relative to 
tne avfra^e number of counts. This gave information about the fluctuation of the 
neutron number as soon as another quantity, namely the effective number of delayed 
neutrons, was measured. 

6.75 Toward the end of the first period of the Laboratory, plans were 
under way in the Water 9oiler Group to make critical assemblies with uranium 
hydride, and tc rebuild the water boiler for higher-power operation. Both of 
these projects carry us over into the next period, when the work of the group was 
divided between two new groups^ this further work is therefore reported in later 
sections ( 13.41 ff, 1^.4 ff). 

Miscellaneous Experiments 

6.76 In addition to the nuclear properties and processes described 
above, certain other processes were investigated, because of their relation to 
fission or tc the interpretation of experiments, 

6.77 A number of special investigations were made by members of the 
Fladi : activity Oroup, in connection with the fission process. Measurements were 
made of range of fission fragments in heavy and light materials, and also of the 
energies and number of long-range alpha particles discovered in the fission process, 
3amma rays emitted in fission were investigated since knowledge of the number and 
quantum energies of these rays was of possible importance in understanding the 
fission process itself, and also because these rays might be used in experiments 
designed to test the bomb. Gamma ray measurements were in fact made at the 
Trinity test (19-29; • 

6.78 As was already mentioned ( 6.6 ), a sub-group of the D-D Group 
was given the responsibility for calibrating the neutron emission frcm various 
natural sources. A graphite column was built, the diffusion length of the 
graphite was measured, the pile was standardized for indium resonance neutrons, and 
work was begun on the 3tandandi2ation of various natural sources. In addition to 



this work, the members of this sub-^roup measured gold and indium capture cross 
sections for column neutrons, and also the indium half-life. They conducted various 
experiments connected with safety in the handling and transportation of active 
material. They also worked constantly to improve the standardization of sources, 
upon which depended the accuracy of such experiments as the neutron number 
measurements of the Cyclotron Group. 

6 # 79 Another program carried out within the Experimental Physics 
Division was the development of provisions for isotopic analysis. In the last 
months of 1943 it became increasingly evident that there was considerable uncertaint 
as to the amount of isotope in the enriched samples which were being received 

at Los Alamos, Enriched samples were made up in normal form and also diluted with 
various amounts of normal uranium. The samples so produced were then divided into 
two parts. One set of samples was sent to Berkeley to be assayed by the neutron 
assay method, the other to New York for mass spectrograph analysis. The results were 
in disagreement by almost 10 per cent. The Berkeley method was carefully examined 
by Segre, who could find no explanation for the discrepancy. The mass spec ^graphic 
method was examined by Bainbridge, who likewise could find no explanation. As a 
result provisions were made to set up both methods at Los Alamos under the Radio- 
activity Group. While equipment was being set up, the Chicago and Mew York Labora- 
tories made three independent isotopic determinations in a certain sample known as 
S-10. Close agreement was obtained, and this sample was thereafter used as a second- 
ary standard at Los Alamos with the neutron assay method. This method proved of 

239 

great value in assaying the active parts of the gun assembly, and later the Pu 
assemblies. 

6 #30 By May 1944 a study of uranium isotopes had been made in the mass 

spectrometer as a first te3t, and the resolution was satisfactory. Analysis of 

normal material and of sample E-10 gave excellent agreement, 

£39 

6.81 In the late sunnier of 1944 the Pu mass spectrometer was set up 

239 

and preparations were made to test the sample of Pu re irradiated at Site X, to 
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assay its Pu content. This work w:ts actually carried out in the Research 

r 

( Division, after its creation in August 1944. //hen the sample arrived and was 

examined it showed a peak at the 240 position and the relative abundance of Pu^^ 
239 

to Pu was in good agreement with the figure that cOuld be calculated from the 
value of the branching ratio and the rather uncertain irradiation* Thus the 
discovery of Pu^*^, following from spontaneous fission measurements, was confirmed. 
Instrumentation 

6 # S2 In writing such a history as this, the impression is easily 
created that terminal work, work which enters directly into the main course of 
development, is the most important, difficult and time consuming. Yet every 
successful (or unsuccessful) experiment implies a degree of instrumental development 
and construction that is not easily appreciated by an outsider. One deals in 
experimental nuclear physics with the realm of the small and the fast. Both the 
time scale and the amplitude of the phenomena studied must be transformed to make 
them susceptible to direct control and observation. 

6#&3 Although a considerable amount of modulation and control equipment 
for the accelerators was built at Los Alamos, developments on this side were less 
novel and extensive than on the side of observation and measurement. With the 
exception of photographic plate and cloud chamber techniques, all experiments involv* 
the counting of ionization chamber pulses. In a typical experiment we may 
distinguish at a minLnum four distinct steps: the counter or detector, the amplifier 
the discriminator and scaler, and finally the mechanical recorder. The ions 
produced by the particles being studied are moved to collecting electrodes by an 
electrical potential applied across them. This registers as a minute electrical 
pulse of the order of microvolts. This pulse is then amplified to the order of 
volts, and fed into the counting system. The discriminator is a means of selecting 
only pulses of a certain type which are of interest to the experimenter. Since 
usually their frequency is too high to be directly recorded by mechanical means, 
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a further electronic step 13 inserted, the scaler. The scaler " derma It ip lies" 
the frequency of the incoming pulses, so that for example, it gives one pulse 
for every sixty-four incoming pulses. The pulses coining out of the scaler are 
then recorded mechanically. 

6,34 Certain developments in the first step, the counter or detector, 
have already been mentioned in previous sections of this chapter, for example, 
fission detectors, in which ions are produced in an ionization chamber by fission 
fragments from a sample of fissionable niaterial. These include threshold detectors, 
making use of the materials which only fission for neutrons above a certain energy. 
Another development of importance already mentioned wa3 the long counter, developed 
by members of the Electrostatic Generator Oroup, whicn possessed the virtue of a 
very flat response to neutrons of different energies. Still another important 
instrument developed which made use of the well established hydrogen cros3 section, 
was the proportional hydrogen recoil counter. Finally, mention should be made of 
the boron tri-fluoride proportional neutron counter; this is an ionization chamber 
filled with boron trifluoride t Boron^, about 13 per cent of normal boron, under- 

n 

goes an (n,a) reaction, producing lithium • The number of alpha particles counted 
corresponds directly to the number of neutrons absorbed, ouch counters are 
surrounded with paraffin, to slow down the neutrons to energies with high reaction 
cross sections. High efficiency of these counters was obtained by high pressure 
counters, by purification of the trifluoride, and by using the separated isotope 
when it became available. 

6.35 The most extensive development in count inp; technique was that of 
very fast detectors and amplifiers. With proper design of counters and with cert; ir 
gas mixtures, collect ion-times for electrons were reduced as low as 0.2 microsecond. 
This work, alon^ with other counter development work, was mostly carried out by 
the detector Troup. To make use of electron collection required very fast 
amplifiers; these were developed by the .'Jetector Troup and the Electronics Troup. 
The amplifiers developed had rise-t in^s between 0.05 a nd 0.5 microseconds. 
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6.36 A large amount of work was done in development of discriminate rs ; 
for example, differential discriminators were developed, which would select pulses 
of a given height: multi-channel discriminators which nade possible the 
classification and simultaneous recording of pulses of different heights. A new 
scaling circuit was developed, which increased the reliability of scaling, and 
thereafter became standard in the Laboratory. 

6.37 Apart from this work on general counting equipment, a number of 

» 

electronic techniques were developed for special purposes. One of these was in 
the field of timing circuits. Many experiments involved the measurement or control 
of phenomena occurring at specified time intervals; for example, the Rossi 
experiment, the measurement of the length of stay of neutrons in tamper, or the 
velocity selector for selecting monoergic neutrons from the cyclotron, .Another 
type of timing circuit, developed extensively in connection with the study of the 
implosion, made possible the measurement of velocities in explosives. In 
connection with the use of oscillographs in recording data on the implosion, there 
was extensive development of amplifiers, circuits for printing timing marks on 
film, 3weep circuits, and circuits to delay the starting of a sweep for a specified 
time. 

6.33 Another important job carried out by the Electronics Group was the 
production of portable counters and other health instruments. 

6.89 The work of producing thin foils of fissionable and other materials 
was largely the work of the Radiochemistry Group, and is reported in (#.56); but 
the Radioactivity Group and others from the Experimental Fhysics Division also 
collaborated in this work. 
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Chapter '/II 
ORDNANCE Division 

■ 

Organization and Liaison 

7*1 The. detailed history of ordnance and engineering activities at 
Los Alamos to the tjjne of its extensive reorganization in August 1944 has been 
divided into the following six sections: (l) Gun design, proving, interior 
ballistics, (2) Frojectile, target and initiator design, (3) arming and fusing, 
(4) engineering, (5) implosion studies, and (6) delivery. As of 
this 



was being carried out under the fo] 


.lowing groups: 


E-l Proving Ground 


Lt. Camdr. A, F. 3irch 


^^T^ ^^^rffc ^^^A & W ^^^^^ 


L. G. Parratt 


* 

E-3 Fuse Development 


R. B. Br ode 


E-4 Projectile, Target and Source 


C. U Critchfield 


E-5 Implosion Experimentation 


S« H. Neddermeyer 


E-6 Engineering 




E-7 Delivery 


N» F. Raaeey 


E-8 Interior Ballistics 


J. 0. Hirschfelder 


B-9 High Explosive Development 


K. T. Bainbridge-. 


E-10 S Site 


Major W* A, Stevens 


E-ll RaLa and Electric Detonator 


L. W. Alvarez 



7»2 Prior to its formal organization in June 1943, the germ of the 
Ordnance Engineering Division occupied two or three small rooms in Building U» 
The small staff assigned to it preliminarily, was concerned with procurement, gun 
design and instrumentation, but the main activity of this period consisted in the 
discussion and analysis of the work that lay ahead, labeling and organizing the 

4 

elecients of the new field into an accepted general scheme. 

7.3 In May Capt. if. 5. Farsons, USN, came to the Site for a preliminary 
visit. His transfer to be head of the ordnance engineering work at Los Alamos 



71 1-2 



was then arranged at the request of General (Troves, on the recommendation of 
Conant and Bush and with the approval of the Governing Board. Capt. Farsons 
returned in June a.3 Division Leader of The Ordnance Division. 

7.4 The original groups of the new division were the first five listed 
above, under the leadership respectively of E. M. McMillan, K. T. Bainbridge, 

R. B. Brode, C. L. Critchfield and 3. H. Neddermeyer. 

7.5 After Parsons' first visit in May he investigated the possibilities 
of obtaining a competent chief engineer to head group E-6. The man chosen by 
Parsons was George Chadwick, for 20 years Head Engineer of the Navy Bureau of 
Ordnance. Although Chadwick never resided at Los Alamos, he functioned from June 
to September 1943 as prospective head of this work. During this period he worked 
with the Bureau of Ordnance and the Navy Gun Factory on the design and fabrication 
of the first experimental guns, consulted at Los Alamos on the design of the 
Anchor Ranch Proving Ground, and in August was asked to assist in the procurement 
in the Detroit area of machinists and draftsmen. At this time Chadwick decided n 
to take the Los Alamos position. The connection with Chadwick in Detroit remains 
however, and is discussed Liter in this section (7»12). 

7.6 After a brief interval in which the Engineering Group was under 
the direction of J, L* Hittell, this position was given to F. Ester line in 
December, and was held by him until his resignation in April 1944. Late in' Hay 
the position was given to L. D* Bonbrake, having been held on an interim basis b, 
R. Cornog after Esterline's departure. The general reasons for the difficulty 
in finding the right person for the position of Chief ffrigineer are discussed in 
detail later in this Chap'ter (7*49-7. 58). 

7.7 In the fall of 1943 Groups E-7 under Hamsey and E-S under 
HirschXelder were added to the division. 

7.8 Iwrly in 1944 with t!,o r*ipid expansion of the ordmnc* :.r:d 
l.*rticulr*.r.ly ti e h : plc3iei« \. r-\; r.v , '•: e Hdminiatr'* tiv; : k of t'-.e jlvi-;'! on wr* c: 




subdivided under two Deputy Division Leaders: E. rc^.illiin for the 51m 
1 program, and G. 3. Kistiakowsky for tie implosion program, i.'c'.'illan ' s place 

as Group Leader of E-l was taken by Lt. Comdr. A. F. 3irch. A new group (E-9) 
was added by F^istiakows ky under K. T. Bainbridge for the investigation and design 
of full 3cale high explosive assemblies and the preparation for a full scale test 
with active material. Bainbridge T 3 place as Group Leader of E-2 was taken by 
L. Gr. Parratt. Each of the two branches of the Division acted with the advice 
and assistance of a steering committee. Although formally equivalent, the two 
new subdivisions were of quite unequal significance organizationally. The gun 
program was proceeding smoothly and at a constant level of activity.. The implosion 
program, on the ccntrary, was beset at this time with serious organizational and 
technical problems, springing from its rapid increase in size and importance. 

7.9 In late June and early July there was further extensive reorganization 
( of the implosion project. Nedderraeyer became the chairman of the implosion steering 

committee, Kistiakowsky became acting group leader of E-5, and two new groups were 
formed. The first of these was E-10 under Major »V. A. Stevens. The functions of 
this group were maintenance and construction for the implosion project, and the 
operation of the 3 site plant. The second was E-ll under L. V/. Alvarez. This 
group was engaged in the development of the RaLa tests, and in the investigation 
of electric detonators. 

7*10 When Parsons returned to .Yashington after his first Los Alamos 
trip, he arranged that all his connections with the Navy Department would be 
handled through Lt. Comdr. Hudson I/.oore of the Research/ljevelop*ient Section of the 
BuOrd. The most important activities of the latter »** with the Naval Gun 



Factory and concerned the fabrication of experimental ^uns. J.-oore also handled 
procurement of miscellaneous ordnance hiaterials from Navy stores, and liaison with 
the Navy Proving Ground at Duhlgren, Va. 



7«11 At the same trie Parsons arranged for security reasons that all 
N T avy equipment would be shipped to V.. J. Vorkman, head of the Section T, 03RD, 
Project at the University of New Mexico, Albuquerque. 

7.12 The other principal liaison of the Ordnance Division was the 
"Detroit Office 11 . As mentioned above, Chadwick was asked in August to assist in 
personnel procurement. In order to try out design engineers hired by Chadwick 
and to pay machinists employed before new stop facilities were ready for use, 
Chadwick set up an office in Detroit. 

7.13 In August, Bush had approved the use of the Section T, OSRD 
Project at the University of Michigan (Appendix 7* No. 21) for the development 
of radio proximity fuses^^or the bomb (7«A5). Section T funds so used were to 
be replenished by transfer of funds from the Navy Department to OSRD. 

7#14 In October, it was decided that models for flight tests would be 
fabricated under the procurement set-up of the University of Michigan using Section 
T funds. The orders would be placed by P. R. Crane who was the head of the Michigan 
Project. It was not contemplated, however, that the University of Mich'gan would 
act in any capacity beyond general supervision and accounting. Chadwick' s office 
in Detroit, rather than Crane, would be responsible for inspection and follow-up 
work. This arrangement was not wholly satisfactory since Crane had a considerable 
interest in these models; fuse units designed and fabricated by his project were 
to be incorporated in them. 

7.15 The financing of the Detroit office was arranged by contract 
(Appendix 7 , No. 22) between Chadwick and the University of California until 
November ID, later extended to March 19Uh* Chadwick was appointed OSRD represent- 
ative to facilitate his work on fabrication contracts let by the University of 
Michigan. In May 19U+, the financing cf the Detroit office was taken over by the 
University of Michigan. In June, Lt. Col. R. 7/. Lockridge assuued chi.rga of the 
Detroit office. In July he was appointed C3RD representative. Col. Loc r:r idge 1 s 
appointment was a means of unifying the Detroit-University of Michigan relationship 
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and of bringing the activities of the Detroit office more closely under 
Manhattan District control. 

7.16 Other ordnance liaisons ire discussed in the •.impropriate section: 
(7.26, 7.46, 7.61, 7.32 ff). 
Gun Design, Proving, Interior Ballistics 



7.17 During the first six months of the laboratory, the only 
method of assembly that was considered sound enough in principle to warrant 

an extensive proving and engineering program was the gun method. In particular 
the proving facilities, manufacture of guns, and bomb design were focussed on 
the use of a single gun to fire acti^terlal into^^JJJJfa target. In 
this same period, however, there was an intensive study of alternative pos? ibilit 
of the gun type. Notably, the use of two or more guns on the sane target and 
the possibilities of jet propulsion received some consideration, and pr^ liminary 
designs were made on double gun systems. The possible use of h igh explosive 
to replace slow burning propellant in multiple guns was explored to a certain 
extent. None of these alternative schemes proved attractive enough on paper 
to be taken as serious competitors to the single gun method, and in the course of 
six months the full attention of the gun group was given to the latter. 

7.18 The state of knowledge of the physical and nuclear properties 

of the active materials was such in April 1943* that only very rou.^h estimates 

could be made as to how much material had to be fired from a gun, how fast it 

mu3t.be fired, and in the case of plutoniuia, how much acceleration the material 

could stand. It was assumed that the material could be made as strong as need 

be through alloying and that the density of plutonium was essentially the same 

» 

as that of uranium. Then, from the existing knowledge of nuclear cross sections, 
the sizes of critical assemblies were computed, and fron t)e. purification stand'ir'. 
the required velocity of assembly determined. flHRVBD MOUHH) 
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' There was no concern, in 

the assembly of criticalTna'sses, about the usual questions of stability in flight 

of the projectile, absorbing the energy of recoil, erosion of the tube or muzzle 

pressure. Instead, the requirements were for as light weight tubes and as 
^% ' 

reliable interior ballistics as possible* About all that standard ordnance could 
contribute to this problem were its general formulae for gun-strengths and its 
theory of propellants, both of which had to be u3ed far outside the range of 

i 

^ac cumulated experience. 
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7.20 The seriousness of the problem of getting these fantastic guns 

made and proved called for a great expansion of personnel, facilities and liaison 

in the Ordnance Division. This expansion was instituted by Captain Tarpons upon 

his assignment to the Project in l&y 1943* / 
P^— — / 





The reason for this specialisation 



was, simply, that. the proposed design of this gun was farthest removed from 
standard practice. The principal departures from standard design were: 

(1) this gun tube should weigh only one ton instead of the five tons 



usually characteristic of the sare muzzle energy. 
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(2) consequent ly, it must be made of highly alloyed steel, 

(3) the maximum pressure at tfae breech should be as hi.;;h as practicable 
(75, COO pounds per square inch was decided upon), i.e., the gun 
should be as short as possible, and 

(4) it should have three independently operated primers. 

7-21 The Naval Gun Design Section undertook the practical problems cf 
engineering the proposed design in July 1943 • Pressure-travel curves v/ere obtained 
from the TOP.C through R. C. Tolman. These were computed by the ballistics group 
at Section 1 of the Geophysical Laboratory under the supervision of 'J. 0. Hirschfeld 
who subsequently joined the staff at Site Y and continued to supervise the work 
of the Interior Ballistics Group. The curves v/ere drawn for maximum breech 
pressures of 50,000, 75,000, and 100,000 pounds per square inch and submitted to 
the Bureau of Ordnance, Navy Department. 

7*22 As stated above, this was a unique problem involving special steel 
and its radial expansion, design and breech, primers and mushrooms for extra hi^h 
pressures, insertion of multiple primers and many smaller details. The absence 
of rifling and special recoil mechanisms were the only details in which this gun 
could be considered simpler than standard guns. ' Nevertheless, the drawings w^re 
completed and approved, in a very short time, and the forgings required were 
ordered in September. Some delay was occasioned in the preparation of the steel 
because of difficulty in meeting the physical specifications. The fabrication of 
guns was done at the Naval Gun Factory, and required about four months at high 
priority. The first two tubes, and attachments, were actually received at Site Y 
on March 10, 1944. 

7.23 The tubes received in March were of two types. Both ha.d 
adaptor tubes surrounding them in order that the recoil could be absorbed in a 
standard j Js ingle Naval gun mount. Cn the type A gun this adaptor made no 
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contribution to the strength of the tube and was fitted to the ,^un proper only a I 
the breech. On the type B, the adaptor did support the ,^un tube so that it m^s 
much stronger than the bare tube would be. The purpose of type A was to allow 
-tests of the wall-3tren^tn and deformation in the high alloy gun tube, and the 
purpose of type B was to make specif ically interior* ballistic studies, 

)p <- ■ ^ DHXTIP- ^ 

7.24 While these guns were being procured, intensive effort was put 
into installations, acquiring personnel and perfecting techniques for testing the 
guns and in establishing the necessary channels of procurement for accessories such 
as propellants, primeW; cartridge cases, rigging gear, .and the like. The early 
plan was to install a proving ground, along more or less established lines, with 




centralized control of all operations on explosives research. The proving work 
was done by the Proving Ground Group, and the operation, loading and care of the 
guns was under* the direction of an experienced ordnance man from the Naval Proving 
Ground at Dahlgren, T* H # Olnistead. Although this plan for a proving ground became 
impractical for the work on high explosives when the latter work became more elabor- 
ate, the gun work was adequately implemented at the original proving ground at Ancho; 
Ranch. The buildings at ,\nchor Ranch included the usual gun emplacements, sand 
butts, and bombproof magazines, control room and shop. Novel features were 
incorporated in recognition of the special nature of the proving problem* For one, 
the fact that it was by no means certain that high alloy tubes would not fragment 
when overloaded, plus the program for eventually firing the tubes in fi^e recoil, 
increased the hazards of proving above the ordinary. To cope with this possibility 
the ground level of the gun ei^placements was put above the roof of the bomb proofs, 
which were installed in a ravine. Also, to protect the guns, targets, etc., from . 
public view, as well as to permit instrumentation on these units in all kinds of 
weather, the guns were provided with shelters that could be rolled away for the perio 
of actual firing. Construction was started on the- proving ground in June 1?43 and 
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:ontinued at high priority. It was virtually completed in September. The- -first 
shots were fir«d from emplacement No. 1 on September 17, 1943 at 4jil p.m. and 
4r55 P» m - * second emplacement was completed by the following March in anticipation 
J^l^D of receiving the speciaJ^J^^^una. 

7.25 Tlie proof firing between September and J/arch was done chiefly with 
a 3 w /50 Naval A. A, gun equipped with unrifled tubes. The purposes of these rounds 
were primarily to test the behavior of various propellants, to study elements of 
projectile and target design on 3 inch scale* and to smooth out instrumentation 

of the studies generally. The instrumentation was under the direction of K. T, 
Bainbridge. Most of the standard proving ground techniques were adapted to this 
work and some new one3 were developed. Thus, the familiar .photographic methods, 
microf lash, fastax, and NPG projectile cameras proved extremely useful in studying 
the condition of the projectile as it left the bore and in detecting *blcw by*. 
IAi2zle velocities were determined from the projectile camera records, as well as 
by magnetic coil and Potter chronograph. A photoelectric system was also developed 
for this measurement. Copper crusher gauges and piezo-electric gauges were applied 
to the determination of powder pressure, Klectric-atrain gauges were used on" the 
..barrel of the gun and on certain targets. And there were occasions for use of 
many other standard ordnance methods such as star gauging, terminal observations 
(on recovered projectiles), and yaw cards*/, 

7.26 The success of application of these standard methods was usually 
above standard, particularly in photography, (he non-standard techniaue O ^ 
that was developed specifically for the interior ballistic problem was the j )o 
following of the projectile, during its acceleration In the tube, by contApous 
microwaves, rhis technique was very successfully applied to the^~ ^^gun. 

^^j^) By the time that the j^^J^f^rpe A and B guns arrived, the proving ground routine, 
the techniques of instrumentation and the performance of propellants v;ere* x*Z .. 

i 

^tablished, at least for work at 3 inch scale. In this time interval, the burning 

§ 

of propellants at very high pressure was being studied, upon request from Los Alamos 



at the Explosives Research Laboratory at Bruceton, Pa. thus adding to the 
preparation for the special gun. 

7.27 In February, the direction of Anchor Hanch was assumed by 
Cotndr. F, Birch, with McMillan as Capt, Parsons 1 Deputy for tte Gun. In Varch, the 



proving work swung ever to testing the VV^^/yP^ ^ ^ Jn *" or interior ballistic T?tV) 
behavior (first round I'arch 17 I944). 3y -this time, however, the specifications 
for a lower velocity gun, to be used with uranium 235, became clear. These 

-••to 



specifications were considerably less exacting than for the original^'fji'*^ j^un 
envisioned for this purpose as they called for a muzzle velocity of only 1000 feet 
per second' *" DfUrflED DfcLETfci* ~j Qf 

were ordered from the Naval Oun Factory in March. Some of them were to be radially 
expanded, and a special gun mount had to be designed for them. In spite of this,, 
they presented a much simpler problem to the Bureau of Ordnance < DKL1 





< %vand no anxiety was felt for their 'operation. 
^ 

A \> ^r^J^ ~^ ^ rea30n wel ^- prepared experimental background, the testing 

of the Js^^ /guns went smoothly and rapidly. It was found that^WM slotted tube 



cordite^was the most satisfactory form of propellant at the high pressures involved . 



Other propellants were tried, but proved inferior. / 



^^JTi^e ilark XV primers proved to stand over 80,000 pounds per 
square inch. The propellant performed properly at -50°C, The interior ballistic jj^j 
problem was solved 1 but the tube was eroded so badly it had to be returned to 
the Gun Factory in April. Attention was then given to mechanical strength and 
defoririation of the type A gun, By this time, the proving ground was working at 
very hif;h efficiency. The installation of a drum cajnera greatly facilitated record 
taking, and many measurements of pressures, strains, velocities, and time intervals 
were made on one round. By early July* the soundness of the^ ^jjj^ ^^ign was ^J^yfy 
thoroughly proved and only by running the maxiaiura breech pressure up to 90,000 pouo j 
per square inch was It finally possible permanently to defora the gu::. 



plutonium (4*52) decreased the minimum time of assembly of this material far 
below what was possible by gun-assembly methods. 

— ^ 




Projectile, Target and Initiator Design 

7«31 Although the development of designs of projectiles, targets and 
initiators for the gun assembly should be capable of moving more rapidly than the 
development of the gun itself, the uncertainties surrounding the problem were 

■ 

relatively more serious. Not only were the physical properties of plutonium 
entirely unknown, but the whole problem of producing an assembly of projectile 
and target that would start the chain reaction under favorable conditions,, i.e. 
at the right time and in a compact geometry, was entirely new. Accuimilated 
experience on armor penetration greatly discouraged early suggestions that the 
projectile be stopped by the target. The conception of a gun assembly, as of April 



1943, was rather one in +hff fmn < f»*MiA-pa..«gj 



Lgh the target freely^ 

MUTED 




7»32 Before any work was started on these developments, the plan was 
complicated by the further uncertainty in the amount of active material that could 
be safely disposed in the projectile alone, or in the target. This was particularly 
important in the case of the hypothetical uranium hydride gun; for here the critical 
riass would be small, while for effectiveness a large nu; Her cf critical r^sses would 
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have to be assembled- 
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Although planned primarily for the hydride gun, the critical mass calculations for 
odd metal shapes were not 'at the time accurate enough to rule out a possible need 
for such methods in the metal gun model. The development of these mechanisms was 
a difficult undertaking which remained uppermost in the efforts of the groups 
concerned until February by which time the hydride gun had been abandoned 
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7.33 The design development of projectiles, targets^ 
J was centered in the Frojectile and Target Group *J 
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7.36 In the period preceding February 1944, two programs of ultimate 
importance to the gun method were shaping up. The first of these was the develop- * 

initiator. Since this development would require close coopera- 



merit oi( 

j5J tion among the Ordnance, Chemistry and Physics Divisions, the responsibility for the 
Overall program was placed* in a three-man committee with Bainbridge as chairman. 
The design experimentation proper was assigned to group E-4 with the engineering 
assistance of A. M. Ayers of group E-2. This experimentation called for test, under 

■ 

high velocity impact, of mechanisms containing polonium. The hazard to personnel 
and equipment presented by such tests, at least in the early development, precluded 
the use of the standard proving equipment and installations. Accordingly, an 
auxiliary proving set-up was instituted at 20 millimeter scale. By February, a 
plan fof a safe 20 millimeter range in the Technical Area had been approved and 
arrangements made for a temporary location at a remote site in the field. 




7#37 The decision to install the 20 millimeter range in the Technical 

ing underw ay 

1^2 V, This second program was for the development of target ~~ 

OBJVID MUTED 

j A few pre- 



Area was reached partly on the basis of the second program that was 





liminary shots at 20 millimeter scale by R. Cornog had indicated that such a design 
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might possibly be practicable, but that the nature of the materials usei, as well 
as design, was of critical importance in determining the practicability. 
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Accordingly the 20 millimeter range was designed so as to make possible the recovery 
£) (f & of materials^ J/BJffWQ ~~)even in form of dust or gas, that 

might be given off if a target sntiuld break under impact. 
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7.39 By the end of June, the usefulness of high alloy, heat treated stec 
9BUETED \ad been firmly established. 
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At that 



time enough da ta had been obtained at 20 ndllimeteF~scaIe t<r~give the needed 
assurance. The subsequent program was then planned to develop a service -worthy 
unit on the proved design and to incorporate it in larger scale tests. After 
the reorganization in August, this program vras a ctually carr ied out in _3irch_!s, 
>Q V group^ 
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7»41 The development of initiators for the gun required radiochemical 

* 

services and a large supply of polonium. The growth of experience with the 
handling of polonium at site Y, the Radiochemistiy Group (8.55ff)j and the 
liaison with Monsanto Chemical Company in the matter of supply (8.6) were 
probably the most important consequences of the gun initiator program. In facjb, 
this background of development was perhaps essential to the success of the 
implosion bomb, which made even greater demands on these services* If the basic 
procedures had not been already established the implosion might have been held up 
by some months. 
Arming and Fusing , 

7*42 The arming and fusing of the atomic weapons could not be done 
satisfactorily by straightforward application of the established art. Part of the 
reason for this is to be found in the enormous investment represented by a single 
bomb. Triggering devices that fail only one per cent of the time, on the average, 
were hardly acceptable. On the other hand, the great value of the single bomb 
dwarfed the expense of multiple triggering by very fine equipment which would be 
forbidding in a more commonplace weapon. The second reason is that, from the earlj 
beginning of the effort at Los Alamos, it was thought desirable to detonate the 
bomb many hundreds of feet from the ground and no fusing equipment had been 
developed explicitly for this purpose since the requirement is unique to the size 
of the explosion. Just how high above the ground the bomb should explode for 
maximum total damage was not known. The determination of this height had to be 
made mathematically from an extension of the theory of damage by blast plus a 
knowledge of the expected size of the explosion. None of this theory was avail- 
able in April 1943. 

7.43 The development of arming and fusing devices was begun in May 
1943 in Group E-3. The plan for fusing systems proper was the same for the 
gun type and for the implosion type bomb. It called 



for a guarantee of performance that allowed les3 than one chance In ten thousm-d 
of failure to fire within a hundred feet or so of the desired altitude, Two 
general lines of development -rere started. The one centered on the possible use 
of barometric switches for firing the bomb. The second line of attack w:i3 to 
adapt the newly developed electronic techniques to the fusing problem. In 
particular* the radio proximity fuse, radio altimeters and tail-warning devices 
performed, in some measure, the^ desired function of detecting distant objects and 
the suitability of these devices for use in a bomb had to be determined, A third 
possibility, the use of olocjes, was considered to be a last resort because their 
operation would require careful setting just before the bombing run, and the 
chanceifor human error are great in these circumstances. 

.4 - 

7.44 The barometric switches had the advantage of being simple mechanical 
devices whereas the various electronic systems were highly complex. On the other 
hand, it waa by no raean3 certain that a reliable barometric indication could be 
obtained in a falling bomb. Thus the work of the group included not only the 
design of a sensitive and sturdy barometric switch, that could be put into production, 
but alao the proof of these switches in action. The latter effort proved to be 
the most extensive. It was necessary to fit model bombs with radio transmitters 
(* in former a") whose signals were rtodulated by the action of the barometer, drop 
these from airplanes and follow the flight of the bomb photographically as well as 
with the radio receiver, aftth the proper cross checks in timing, this procedure 
leads to the correlation b etwe en the recording of the barometer and the actual 
elevation. This work was started at small scale in December, in cooperation with " 
the NPG at Dahlgren. Full scale bombs dropped from full height were subsequently 
used in the continuation of these tests at Muroe, beginning March 1944. By that, 
time it seemed probable, however, that the pressure distribution on the surface of 
the bomb was not so sensitive to absolute elevation as would be desired and thit 
barometric firing should be used only if the electronic devices could not be developed. 
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The development of the barometric switch thus became secondary, but the field 

r 

1 J experience in proving these units was of primary importance to the development of 

the weapon* It was through this early effort and cooperation with the Instrument- 
ation Group, E-2, that the problems of instrumentation in the field, liaison with 
the Air Forces and operations at distant air bases were solved and reduced to the 
routine that was so necessary for the successful proof of the completed boobs 
(completed, that is, except for active material). 

7*45 In the period preceding February 1944, there remained, as stated 
above, considerable uncertainty as to the height above ground at which the bomb 
should be fired. The early estimates were below 500 feet, more specifically 
150 feet. In "this range, the amplitude-operated radio proximity fuse was a 
feasible device. Br ode had had a major part in the development of thc3e fu#es 
for projectiles and began at once on the ground work for adapting them to the^ombs. 
It was deemed undesirable to set up a radio proximity fuse laboratory, with the 
large increase of personnel necessary, at Los Alamos. Accordingly, the design, 
development, manufacture and tests of radio proximity fuses and "informers" was 
undertaken in liaison with Section T, 03RD. The work was to be done at the 
University of Michigan under the supervision of H. R. Crane. (Appendix 7 , JJo. 21) 
Field tests in this program were to be made at Dahlgren. This program was 
instituted in the Sumner of 1943 and was entering a major proof phase in February 
1944 when theoretical work predicted that if the efficiency of the bomb were high 
enough the desirable height of detonation might be as high as 3000 feet. Jince 
the amplitude operated sets v/ould not function properly at these elevations, it 
was immediately necessary to follow a new line of electronic development . The 
liaison with the University of Michigan laboratory was continued, however, to 
follow up the radio proximity fuse development in case the eventual decision would 
be for several hundred feet and to continue in the production of "informers" and 
to assist in the new lines of attack. 




7*46 The new types of electronic devices that wer** considered in 
February were the radio altimeters. It was decided to follow up both the 
frequency modulated "A YD" and the pulse type "71£ !l . The program for modification 
of AYD wa3 assigned to the Norden laboratories Corporation under an C3RD contract 
(Appendix 7 , No. 23 ) through Section T, with the approval of the Bureau of 
Ordnance, Navy Department, The 713 was just getting into production but the 
development group at the Radio Corporation of America was still operative. It 
was intended to negotiate with RCA to employ this group in the fu3e development. 
Before the negotiations were started, however, it wa3 learned that they also fed' 
under development for the Air Corps a tail warning device that should be readily 
adaptable to the fusing problem* Th« production of thele "AP3/13" units was just 
being started, but through the cooperation of the Signal Corps, a substantial part 
of the pilot production was made available for Brode's work. In fact, the third 
such unit to be made was delivered to Los Alamos in April. This set was tested 
in May by diving an AT- 11 plane and proved very encouraging. Two full scale drop 
tests in June strengthened the conviction that the AP3/13, now nicknamed "Archie", 
was the answer to the electronic fusing problem* The modified AYD had persisted in 
showing difficulties that discouraged its use, even below 1000 feet, where it had 
been made to work* Field tests were continued on a more and more extensive scale 
through June and July and included the final work on barometric devices as well 
as the preliminary study of the electronic sets* 

7.47 Concurrent with the field tests, work in the laboratory was given 
to the implementation and analysis of these tests as well as to design research 
and proof of service units. The latter effort involved establishment of vibration 
and temperature tests for clocks, switches, batteries and electronic equipment in 
more or less standard procedures for the acceptance of airborne equipment. In 
April 1944, preparation of the overall design of the -inning and fusing system wa3 
undertaken. This system included pull-switches, banks of clocks and barometric 
switches for arming, and four modified AP3/13 units operating independently to 



initiate the firing circuit at the desired altitude. The selection of this 
system was made on the basis of the preliminary field tests of these units and on 
general considerations of elimination of as many uncertain elements as possible. 
The field proof of operation of the system as a whole began in August 19UU and 
constituted a major part of the work of the following year. The scarcity of tail 
warning units in the summer of 19 44, however, forbade wholesale use of these in 
bomb drops. Accordingly, the modification development of these units was assisted 

by the use of barrage balloons for testing the units (as aaseinbled in models of the 

>*■ 

bombs). This phase of the work was carried out at Warren Grove, New Jersey. 

7»4# In addition to the primary development of a high elevation trigger- 
ing mechanism, some attention was given to underwater detonation. The goal was 
to detonate one minute after impact with the surface. This program hardly got 
underway, however, before theoretical considerations, based on model tests, pre- 
dicted that shallow underwater delivery was ineffective. Full attention was then 
given to the air blast bomb. For the latter, a propeller activated arming switch 
was also developed but waa discarded as mechanically unreliable in the presence of 

■i 

ice or from misalignment. The only propeller arming actually used was in the four 
Navy standard nose impact bomb fuses A.N. 219 in the forward end of the Fat Man. 
The purpose of these was to get good self-destruction (at least) in the event of 
failure of the primary fusing. system. 

* 

7«49 In the original organization of the ordnance work the primary 
responsibility for integrating the weapon was provided by setting up an Engineering 
Group, E~6. This was conceived as a group of competent design engineers who would 
reduce to accepted fabrication practice the specifications on performance as these 
specifications became clear. They would include the mechanical construction, 
ballistic and aerodynamic behavior, electrical wiring and incorporation of the 
anring and fusing equipment and al.30 the special provisions required for aafing and 
b";.:/11in£ the :i r ; e':bly mechanism and active inaterial* In addition to this primary 



responsibility the group was to provide design service incidental to the various 
experimental programs in ordnance, procure special materials and shop services 
from outside industry and supervise the Ordinance Machine Shop (C Shop), 

7.50 As already mentioned ( 7.6 ), Capt, Parsons was assisted in setting 
up this group by George Chadwick, whose Detroit office was the center of initial 
personnel procurement. Operation of the design groups actually started at about 
the time of the completion of the ordnance building, A buiiding. Since the research 

* 

groups were just getting started also, there was very little notion of what the 
specifications for the weapon would be, except in the matter of aerodynamic 
performance. Thus the primary activity of the Design Group was centered on the 
designing of bomb models and the procurement of dummy bombs for test drops, 

7. Si In addition to this work, the secondary responsibilities for 
C shop and for outside procurement of materials and machine work were growing daily. 
Demands for shop work were perpetually overloading the facilities at Los Alamos, 
even with the procurement services ^in Detroit, The manufacture of hemispheres to 
be used in implosion experimentation was one of the great problems arrangements were 
made to procure these from Detroit shops through the Detroit office. This 
arrangement was supplemented in June 1944, by procurement of hemispheres from the 
Los Angeles area. 

7.52 In spite of the lack of detailed specifications for the weapon, 
certain preliminary designs of mechanical and high explosivrs assembly, fuse 
assembly and of molds for charges were made during the first printer. The r - 
situation with the gun model was more satisfactory because the details were less 
tentative. It had been anticipated that the details on the implosion model would 
get more definite with time. Instead of this, as experimental information on the 
implosion Increased, the possible specif ications grew less and less definite and 
rnore and more complex in t.m? sen?e *f an increasing number of alternatives and 
add i i : v.nai •• lenerits. The pictur* ^ ci aaping so rapidly and the contributions 
" i r * i • - 1 r ;.hp: 'Vr-m so :;juty ±1 iW-v-" *- divis ions cf th*? La'.: oratory • ha : :\e 
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original organization for engineering development was rapidly becoming inadequate. 

f 7»53 It was evident that the level of coordination needed for making a 

v 

weapon of the implosion system had risen above that represented by a single 
operational group. This was pointed out by Esterline when he resigned as group 
leader in April 1944* His successor, R. Cornog, made every effort to rectify the 
lack of coordination within the structure of the old organization. There were 
other organizational plans afoot, however, and these led eventually to coordination 
at the level of the Director, by the Weapons Committee (9.10). Meantime the 
engineering problems relating specifically to the internal structure of the 
implosion bomb were taken over by the new group under K. T. Bainbridge. This group, 
formed in March 1944, combined design and certain kinds of experimentation on the 
implosion system* (Design work, in particular, was under the supervision of R t W. 
Henderson). One of the responsibilities of this group was the full scale test of 
the bomb, and the history of this part appears elsewhere (Chapter XVIII). This 
reorganization of the engineering effort placed the implosion design in closer 
touch with Implosion research. The work on the gun. and on the external bomb 
assembly continued in the Engineering Group, but in close cooperation with the 
Explosives Development Group. 

7.54 The new group was able to detail developments in such things as 
boosters, primacord branching, and detonation systems in the light of current 
research on these components. There was, however, little activity on the design 

of the active core and tamper, since research on these was still in the differential 
stage and there was, as yet, no acceptable plan for distributing the active material. 
Although some preliminary thought was given to this question, the active design 
work and the coordination with experiments On the nuclear physics of the bomb was 
done in G Division after the August 1944 reorganization (Chapter XV), 

7.55 Another development that called for special organization was the 
design and manufacture of lens molds for high explosives. Here again the need for 




coordinating £he** effor^3 of theory, experimentation, casting practice, design j 
^ ^ machining and procurement went beyond the scope of any one operating f_:roup f 

( Accordingly a Jjjc-lds Committee was formed in the stumer of 1944 and a Weld resign 

Action was organized under the administration of V shop. This work continued 
under the subsequent organization, and its story properly belongs to the later 
perixi (16-31 ). 

7.56 The difficulties peculiar to the engineering function at 
Los Alamos were not all connected with the persistent uncertainty of final 
specifications. Oie basic source of difficulty was the development character of 
almost all Los Alamos engineering. Such engineering reouires flexibility in 
meeting the constant change of specifications incident to new experimentation, and 
a3 a part of this, the settling of general iesign principles as a framework 
within which more detailed specification may later be fitted.^ In production 
engineering, on the contrary, emphasis is all on the details of design , and 

( problems of tooling and mass production. It was the misfortune of L03 Alamcs and 

it3 engineers that they were drawn primarily from industry, and were accustomed to 
larger and less complex operations than they found there, With differing degrees of 
directness in different cases, it was this difficulty that was responsible for the 
rather large turn-over of the engineering staff. And as the history shows, this 
problem was solved by a type of coordination quite unfamiliar to production plant.3, 

7.57 Another difficulty was the combination of design and service function: 
within the Rigineering Group. Although purely an organizational difficulty, it 
reflected also the inappropriateness of production methods to a research and 
development laboratory,. The degree of procedural formality necessary in the 
preparation of detailed drawings for mass production is at the same time 
unnecessary and burdensome if applied in development work, operation on this basis 
was a frequent source of difficulty, ami. tended by overloading the /Toup with 

( service problems to impair its principal function , ( 3«1C9 ff- 1 • 
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7 # 58 List -monj the di ff lenities to be recounted were the isolati t, 
of the site and the elaborate precautions required as security measures. 7'- lt < 
security policy was blamed more than once for misunderstandings on details 
machine work being procured from outside shops. In any case, it is to be a-inr, tei 
that liaisons were generally so round about that they easily led to difficu]' 
The isolation of the place, over forty miles from a railroad, also contrioat vi ir- 
bit to delay, particularly in handling heavy equipment. As the project appr:a.nei 
the final phase* of its work the handling and working of full scale tarv- t3, t :n: v ; 
guns and high explosive systems became a greater and greater part of the work, 
required not ^nly the equipment for handling the material but the plants and t< * "5 
for making and assembling the objects themselves. Since the provision for this 
heavy work is incidental to more obvious achievements it is easy to overlook 
important part played by makinp these provisions in the allotted time arid on tnr. 
of an isolated mountain. 
Research on Implosion 



7,59 The program of implosion research pre* from its initial posit : jn 
as the concern of one small group into the major problem of the laboratory, 
occupying the attention of two full divisions. The program was started .kir:*;^ tr*: 
conferences of April 1943 with the specific proposals made then by Neddermeyer C 1. 7-*i 
Neddermeyer had developed an elementary theory of high explosives assembly. Th'.-re 
was however no established art that could be applied even to part of the •■leenan < ' 
problem. In this respect the implosion research differed from the gun research, 
where many mechanical and engineering features and methods of proof were at le.»st 
relatively standard. Coupled with this undeveloped state of the art of execution 
was a backwardness in the art of conception. As a- result one cannot make a we'll- 
dated chronology of the appearance of "ideas*. Development was rather In the f:.. 
of a spiral. Rough conceptions that appeared quite early are reintroduced later 
i ^ with greater ccncreteness and in an altered context, Ifany possible development 2 
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and proof techniques were dreamed of in the spring and summer of 1943, to L<*ccme 
even partial realities only a year later. For example the possibility of using 
explosive lenses for focussing the converging shock wave, the possibility of a 
type of electric detonation, and the conceivable benefits of compression of acti.v«f 
material were all considered .in this period, but because of the lack of 
development very little could be *done. 

7.60 Another factor affecting the implosion program was that it bc^an 
as a dark horse, and did not immediately win in the Laboratory a degree of support 
commensurate with the difficulties that had to be overcome. 

7.61 After the April conference Neddermeyer visited the Explosives 
Research^fcoratory at Sruceton to become acquainted with experimental techniques as 
applied to the study of high explosives. Certain types of equipment and installations 
used at 3ruceton were considered desirable for the early implosion work, and plans 
were made for including these at the Anchor Ranch Proving Ground, While at 
Bruceton, Nedderroeyer had his first implosion test fired and found encouragement 

in the result. 

7.62 Ther need for personnel with experience in handling and experimenting 
with high explosives became urgent at once and, because of continual expansion, 
remained an unfulfilled requirement throughout the life of the laboratory. There 
was enough general experience in the Implosion Group, however, to get started on a 
firing program as soon as the first explosives arrived.. The first implosion tests 
at Los Alamos were made in an arroyo on the mesa just south of the Laboratory 
on .July 4, 1943. These were shots using tamped TN? surrounding hollow steel 
cylinders. 

7 % 63 All the early research on implosion, prior to the instil lit Ion of 
more elaborate techniques, was on the recovery of the imploded object from rath- 
small imploding charges-/ .. 
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7*64 Interest in the implosion thus remained secondary to that in the 
gun assembly. There was some consideration of the possibility of using larger 
amounts of explosive to increase the velocity. But the Impossibility of recovery 
and the currently incomplete instrumentation kept such things in the "idea" stage 
for several months. The decisive change in this picture of the implosion occurred 
with the visit of J. von Neumann in the fall of 19A3» Von Neumann had had previou 
experience with the use of shaped charges for armor pentration. Von Neumann and 
Parsons first advocated a shaped charge assembly, by which active material in the 
slug following the Jet would be converted from a hollow cone shape to a spherical 
3hape having a lower critical mass value. He was soon persuaded, however, that 



. f%> focussing effects similar to those which are responsible for the hi^h velocity of 
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7*65 It cannot be said that these radical proposals were unanticipated 
in the laboratory. Certainly their qualitative peculiarities had not been grasped, 
or urged as a -decisive advantage. Predominantly until this tiise the implosion had 
been conceived as a means of squeezing solid matter into a solid sphere, with 
quantitative advantages over the gun, to be weighed agains t its much greater 
uncertainty of success. 
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7.66 Once discussion was started on this pD^une, a further fact of »reat 
ultimate importance becar.e apparent T In conversations between von Kewr/»nn and 
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Teller the latter pointed out thatj, 
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7.63 Another major consequence of the new emphasis was the planning 
and eventual realization of an adequate high explosives production plant and 
research program. For this development as well as for general assistance to the 
research in implosion dynamics, the consulting services of G. B, Kistiakowsky were 
acquired by the Laboratory in the fall of 1943* In February 1944, Kistiakowsky 
joined the staff as Capt. Parsons' deputy for the implosion. In April he assumed 
full direction of the rapidly increasing administrative problems of this work, 

7.69 The period preceding February 1944 was spent in vigorous develop- 
ment of experimental techniques* The art of recovery from weak charges was th^ 
most rapidly exploited technique, since it required no elaborate instrumentation. 
Procurement of the spheres required was beyond the capacity of the Laboratory 
shops; outside procurement was arranged through the offices at Detroit and U>s 
Angeles, Although the test conditions were admittedly f.~r from those in a fast 



implosion, the recovery technique proved useful in the interpretation of the 
process and in revea ling the ijnportar.ce of and possible difficulties in obtain- 
ing symmetry. 3y February evidence had been obtained of possible trouble from 
the interaction of detonation waves and ■ f roir ti e spread of detonation times in 
multipoint detonation. These were not yet, to be sure, thought of as basic 
defects lying outside the range of existing experimental techniques to correct* 
7.70 The other techniques that were inaugurated in this period were 
chiefly in a stage of being perfected to the point where they would be of 
quantitative usefulness to the investigation. The difficulties lay principally 
in the necessity for recording events inside an explosive and for timing these 
events within an uncertainty of the order of one microsecond. In November 
program for photographing the interior of imploding cylinders by high explosive 
flash light, (a method developed at Bruceton) was, started. 3ome qualitative 
results were soon obtained but refinement of the method and elimination of second- 
ary blast effects required until spring to achieve, Fractically the same history 
applies to the flash X-ray method of studying small spheres. The principal 
problem presented by this method was the precision of time correlation between the 
implosion and the X-ray discharge. This problem was solved, in cooperation with 
the Ordnance Instrumentation Group, by extensive modif ication of the commercial 
X-ray machines. The Instrumentation Group had also designed and had constructed 
rotating prism cameras oaking U3e of ultra-centrifuge techniques. These were 
adapted to proving ground use for taking rapidly repeated photographs of cylindrical 
implosions in December and J-munry, but were never used effectively for their 
intended purpose. l.Iuch later they were used successfully in lens investigations 
(16.46). Also in December, field preparations were started for taking electronic 
records ol* objects imploded in a n.-.^netic field. The first shot of this type, 
the ' magnetic method", v/.:- s f i red -T-.nuary 4, 194 A, 'ind the remits w*re encouraging. 



^£ metal in a magnetic field alters the field. Thus the inward motion of an 
mplod ing metal ^gypVould induce a current in a surrounding coil, and the 



// proper interpretation of this current would give information on the velocity 
and other characteristics of the implosion. Considerable perfection of the 
electronic records was needed, however, and this held up v final proof of the 
method until spring, 

7.71 Quantitative data from the X-ray, high explosive flash and 
rotating prism camera techniques showed the usefulness of these methods for 
determining velocities and symmetry at small scale, but also indicated' a necessity 
for controlled quality of high explosive castings and boostering systems, as. well 
as improved simultaneity of detonation. Programs were instituted for the improvement 
of these services; this involved the production of castings of uniform density 
and composition the institution of quality control, including X-roy examination 
and density measurement of charges. In view of the impending large scale production 
of heavy charges, development work was also undertaken on methods of casting and 
examining such charges for controlled quality. 

7»72 Whereas the original Anchor Ranch Range had been designed to 



accomodate both the gun and implosion programs, the expansion of the latter soon Y 
crowded the Anchor facilities. In particular the casting and detonation of large 
charges required a large casting plant and several widely separated test sites. 
The largest of these units, the casting plants was begun in the v/inter of 1943 • 
It included an office building, . steam plant, a casting house, facilities for 
trimming and shaping high explosive castings and magazines for storage of high 
explosive and finished castings. 

7.73 This 3 site (sawmill site) was one of the most difficult under- 
takings of the laboratory from an administrative point of vie?.'. To find men v/ith 
experience in high explosive casting work, or even with general experience in 
handling explosives, proved for the most part impossible. Supervisory personnel 
;vere equally difficult to obtain. Almost the only available channel was the army; \ 
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the 3 .Site Group was staffed almost entirely by .Ten in the SET'. Among these a 

few had appropriate industrial backgrounds, a larger number were young soldiers 

with some scientific training, usually in chemistry, and the rest were relatively 

unskilled hands. Originally scheduled for completion in February and full 

operation in April 1944* steady operation on a reasonable scale did net actually 

get under way until August. Because of increasing demand and the unavoidable 

lag in 3 site expansion, it was early in 1945 before the small original Anchor 

casting room was fully replaced as a source of supply for experimental charges. 

7.74 The first of the new experimental methods to be successfully 

adapted to work at larger scale was the high explosive flash- technique, which was 

** ■ « . 

used not only with cylinders but also with hemispheres. In the early months of 
1944 attention was being given to extending flash X-ray methods to larger 3cale 
and using a grid of small ion chambers instead of photographic recording. This 
work was, however, only begun in the fall (I5.19ff)* The "Rala" method, that of 



including a strong source of gamma radiation in the imploding sphere and measuring 
the transmitted intensity as a function of time, ?as being discussed, and active 
development was gotten underway, including electronic instrumentation and prepara- 




The 

possible use of the betatron to produce penetrating radiation for work with large 
spheres was discussed at this time; but it was not decided to use the technique 
until the beginning of the second period (15*26 Lastly, the possibility of 

making a full-scale, active test in a closed vessel was also being considered 
and model tests were started and procurement possibilities investigated. Use of 

* * 

such a containing vessel would permit recovery of active material in case of a 
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complete fizzle. This Liter ;rew into the "Jumbo" program which, toget'.er with 
other engineering problems, was centralized under the Ordnance Instrumentation 
Group and later under a special jroup devoted to this program (16.53 ff ) • 

7-75 Preparations for an implosion test with active material were begun 
in March 19V* • The main problems were (a) the choice of a test site, (b) the 
investigation of methods to permit recovery of active material in cise of failure 
of the nuclear explosion, and (c) the design of instrumentation to measure bia3t 
effects and nuclear effects of a successful explosion. Discussion of the third 
topic is referred to Chapter XVIII.* Sites considered were in New Mexico ; 
Colorado, Arizona, Utah and California, as weil as several island sites off the 
coasts of California and Texas, In flaking the choice the advantage of nearness to , 
Los Alamos had to be weighed against possible biological effects even in sparsely 
populated areas of the Southwest. During the period before August 1944 a good deal 
of exploration was by map, automobile and plane, and still more was planned. 
Investigation was begun, finally, of several aspects of the recovery problem. 
Recovery from a large containing vessel strong enough to withstand the shock of 
the high explosive alone was the principal means considered. Also investigated 
was the possibility of setting off the bomb inside a large sand pile which would 
prevent dispersal and permit recovery of active material in case of failure. 
Other methods were investigated, but during the period in question the main 
problem was that of designing "Jumbo", the containing vessel. 

7«?6 The main activities of the spring and early summer months may be 
sui ;ir»arized as follows: (l) the preliminary development of new methods, such as 
RaLi, the magnetic method, the counter X-ray method, which should be useful with 
larger scale implosions; (2) increasing production and quality control of cast 
explosives and detonation trains; (3) increased investigation of questions of 
simultaneity in detonation, including the preliminary investigation cf electrical 
detonation systems; and (4) the exploitation of techniques established during the 
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winter for studying the implosion. Implosion studies only reached the stage cf 
giving regular and reliable results during the summer of being concerned 

with end results, they vrere the object of great attention from the rest of the 
Laboratory and particularly from the Theoretical Division* In fact this early 
work laid the foundation of a new branch of dynamics, the physics of implosion. 
It had been firmly established that the earlier resultr, on implosion velocities /;er< 
essentially correct, and considerably lower than theory predicted for normal i-Moacl 
by a detonation wave. The dynamics of confluent materials had also been thoroughly 



investigated^. 
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7.77 In July 1944' 
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^pMfft fte laboratory faced the fact that the gun method could not be used for the 
assembly of plutonium. Hence at that time ther-e was not a single experimental 



result that gave good reason to believe that a plutoniun bomb could he Aside at 
all. There was, however, a large investment in plants and proving grounds -ind 
a wide background of experience in improving explosives and timing, which made 
it possible to launch an even more ambitious investigation of the implosion. 
The new development was to be centered on the possible use of explosive "lomea 51 

i 

which could be designed to convert a multiple point detonation into a converging 
spherical detonation wave and thus eliminate the troublesome interaction lines. 
Preliminary studies of such systems had been made. in England and at Hruceton and 
the work of adapting them to the implosion problem became the principal objective 
of the implosion groups. The requirement for experimental lens-mold design was the 
most difficult initial step and this occupied some months. Meanwhile, the effort 




to eliminate the interaction jets from non-lens implosion continue^ 



DELETED 



DELETED 



7.79 The decision to go into the study and use of explosive lenses 
entailed expansion of res earc^" DC J8TED DBUETBD "1 

OmtTSP ^Furthermore, the eventual production of these special explosive systems' 
had to be provided for. To be prepared for the use of the first quantities of 
plutonium all this had to be accomplished well within a year. The ;najor portion 
of the laboratory was accordingly reorganized so as to concentrate its power r 
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and facilities on the implosion problem. Division X was formed, under 

r , 

( Kistiakowsky, for the purpose of experimentation with explosive systems and 

their method of fabrication and for setting up an adequate production system 
for all special charges (9»1 ft, Ch, XVI), Also under Division X were put the 
more or less established methods of implosion investigation, such as the small 
scale X-ray and the high explosive flash methods. The development of new or as 
yet unproved techniques for the investigation of implosion dynamics, and the 
responsibility for design development of the active core of the implosion was 
made the objective of G Division under Bach«r (9.1 ff, Ch XV). The urgency of 
the directives of these divisions is readily appreciated when it is considered 
that there was no approved design of either explosive or mechanical systems at 
the time of the reorganization, August 14, 1944. 
Deliver y 

^ 7.50 The work of the Delivery Group covered everything from the 

completed bomb (gun or implosion model) to its final use as a practical air-borne 
military weapon. In the nature of the case there was considerable overlapping 
between its responsibilities and those of the groups engaged in final bomb-de3ign; 
particularly with the Pu3e Development Group (7.42 ff), the Engineering Group 
(7.49 ft ) and other groups responsible for bomb design. Even in these cases 
however, it was the especial responsibility of the Delivery Group to see that 
cooperating groups functioned smoothly together as a team with an eye to their 
eventual collaboration in combat delivery. In addition to this responsibility 
and to its own proper functions in design and procurement, the Delivery Group wa3 
responsible for liaison with Air Forces activities including the choice and 
modification of aircraft and the supervision of f iel f tests with dummy bomb'?. 
In the second part c; this hi story It will 3ecr\ that the activities of the 
He 11 wry Gr (then ; x t . I nt *> -vh .t wis rolled Fro J t .\) were « j xt.<evie.1 to 

"!■. ♦ - ; - ; ] . .r;'-. :- r t v c oo-p''5, - r-/}. * V.- t-"*t * . : r:. ; ry .- ' 
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the badbs in flight (Chapter XH). 

7.31 The first activities of the delivery program began in June 1943 
when N. F. Ramsey (then still working with the Air Forces} undertook to ^*bfty 
investigate available planes with respect to their bomb carrying capacity. 
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The only plane which would fit this 
requirement was the B-29, which even so could carry the bomb only by joining the 
* bomb bays. The possibility of wing-carriage by other planes had been considered 
and rejected. At this time it appeared that there might be considerable difficulty 
in obtaining a test B-29. Another plane capable of carrying the bomb was the 
British Iancaster, and some investigation was made of the possibility of using 
this plane. In terns of standardization of maintenance, however, this plane 

# 

would have been difficult to operate from American basest it was therefore decided 
that the B-29 would have to be used. 

?«52 Preliminary ballistic tests were made in August 1943. at the Ilaval 

;* — — - " 1 
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These models consisted of a long 14" pipe welded 



into the middle of a split standard 500 pound bomb. They shewed, on testing, 
extremely bad flight characteristics. In subsequent months further tests of scale 
models were made at Dahlgren, and models developed which had much better flight 

- 4 

characteristics. During this period preliminary models of a proximity fuse 

developed at the University of Michigan (7.45) were also tested. 

*• - 

7«*?3 On the occasion of Ramsey's first visit to Los Alamos in 



September 1943* the jv^j ^p los ion (7.64) was just being urged by von Neumann. 
From this model a preliminary estimate was made of a nine thousand pound bomb with 
a diameter of 59 inches. On the basis of these estimates the 3ur eau of otandarc.s 
bomb group was asked, through the Bureau of Ordnance, to have wind-tunnel tests 
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made to determine the proper fairing and stabilizing fins for such a bomb. 

7*34 In the Fall of 1943 plans for full scale tests were gotten under 
way. For the purpose of B-29 modification, two external shapes and weights were 
selected as representative of current plans at Los Alamos. These were respectively 
204 and 111 inches long, and 23 and 59 inches in diameter, the "Thin Man" (gun) 
and "Fat Man" (implosion). In November 1943 Ramsey and General Groves met with 
Colonel R. C. Wilson of the Army Air Forces, and plans were discussed for the 
first modified B-29. In December the first full scale models were ordered through 
the Detroit Office, and Ramsey and Capt. Parsons visited the Muroc Airbase to 
make the necessary test station plans. 

7.65 Tests were begun at Muroc early in March 1944. The purpose of 
these tests was to determine the suitability of the fusing equipment, the 
.i stability and ballistic characteristics of the bombs, and the functioning of the 

aircraft and bomb release mechanism. The flight characteristics of the Thin Man 
model proved stable, while those of the Fat Man were under damped which caused a 
violent yaw and rotation. The fuses tested, the Michigan proximity fuses (7*45) > 
failed almost completely. The release mechanism proved inadequate for the Thin 
Man. Four models "hung up** with delays of several seconds. The last model tested 
released itself prematurely, while the plane was still climbing for altitude. This 
bomb dropped on to the bomb bay doors^ which had to be opened to release the bomb 
and were seriously damaged. This accident ended the tests pending repair of the 
plane and revision of the bomb release mechanism. 

7.£6 Tests at Huroc were not resumed until June, pending plane repair 
and modification. The intervening time at Los Alamos was devoted to a number of 
activities: the analysis of the first Muroc data, the planning of a functional 
mock-up of the plane and bomb- suspension for handling, loading, shaking and 
cold tests, and construction of a site (V Site) for this work; investigation 

( 

^ of the need and possibility of heating equipment for the B-29 bomb bay. 
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7«B7 In addition effort was devoted to the design and procurement of 
23/59 scale Fat Man models for possible 3-2/+ flight tests, Negotia tions were 
started to obtain the use of the high- velocity Moffett Wind Tunnel for bomb 
ballistic experiments on the Fat Man. Although stable and statistically reiiatf. ^ 
Fat Man models were subsequently designed without this, only ballistic experiments 
under controlled -conditions would have yielded definite information on the safety 
factors involved in these models. The necessary arrangements for this testing 
ogram proved difficult to make, and it was in the end deemed unnecessary. 

7.83 During this period also two new bomb models were designed./ 
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The length of th is 




model was so reduced that* it could be carried in a single B-29 bomb bay. i?hen if: 
midsummer the plutonium gun assembly was abandoned, it became unnecessary to Join 
the bomb bays of the plane. The second model was the ,, 1222" Fat Maq model. Thi-t 
consisted of twelve petagona.1 sections of dural bolted together to form a sphere, 
and surrounded by an armor steel shell of icosahedral structure, with stabilizing 
shell attached. Mechanical assembly of this device required the insertion of seek 
1500 bolts* 

7.S9 The chief contribution of the Muroc tests in June was that > lt,'.cugr : 
the Fat Man model tested was still unsatisfactory in its flight characteristics, 
field modifications, resulting from a suggestion by Capt. David Semple, USAAF {tizc- , 

*■ ♦ 

to increase the drag, gave a stable model. This modification involved the welding 
of angularly disposed trapezoidal drag-plates into the box tail of the bomb. "o 
release failures occurred, and the fusing mechanisms tested proved to have f-r*?it 



promise, 



7«90 In the period between thes^tests and the next held in Octet*!* , 



design, procurement and testing work continued at Los Alamos. When by Kudsunj>r 
it became certain that the plutonium gun assembly would not be used, the rem.*! A r. ' r $\ 
models were the Little Boy and the Fat Uan. A new model Fat l!an w?s developed 




in this period, to improve flight characteriat ios and simplify mechanical 
assembly. This was the "lSol". It consisted of a spherical shell made up of 
two polar caps and five equatorial sone segments, machined from dural castings. 
The assembled sphere was enveloped by an ellipsoidal shell of armor attached at 
the equator* The tail was bolted to the ellipsoid. The electrical detonating 
and fusing equipment was mounted on the sphere in the space between the sphere 
and the outer ellipsoid. 
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Introduction 

8*1 The basic problems of the Chemistry and Metallurgy Division 
were the purification and fabrication of activey tamper and Initiator 
materials of the boob, these problems ramified in many directions, and to 
the ramifications were added a number of activities of service to the reet 
of the laboratory. In relation to the rest of the Laboratory the activities 
of the Division were largely determined rather than determining, Hi is was 
true not because the work was routine or subordinate, but because it was 
^ successful. The record of the chemists and metallurgists at Los Alamos 

is one cf wlde-rangir£ exploration of techniques combined with extraordinary 
cleverness in meeting or avoiding technical problems* sometimes on short 
notice. 

8.2 Prior to April 19U- the Chemistry and Metallurgy Division 

* 

had only a loose group structure, with groups designated as Purification, 
Radiochemistry, Analysis and Metallurgy, headed respectively by C.5. Garner, 
R. W. Dodson, s. I. Weissman, and C. S. Smith. At that time the administration 
of the Division was extensively reorganized. J. A. Kennedy, who had served 
from the beginning as Acting Division Leader, became Division Leader. C. 5. 
5ml th became Associate Division Leader in charge of metallurgy. The group 
subdivision was as follows: 

I V 

seeder »» 





Health and Safety, opecial Services 


R. 


H. 


Dunlap 




Heat Treating and JJetaHo«T3 phy 


p # 


Jtroke 




Gas Tamper and Gas Licrue fact ion 


E. 


A. 


Lonff 


CH-4 


Radl oc h emi 3 1 ry 

Uranium and*Plutonium Purification 


R. 

* * • 
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Dodson 


Cli-5 


C. 


3. 


Garner 


cm-6 


High Vacuum Research 




I. 


tfeissman 


CM-7 


Miscellaneous Metallurgy 


c. 


C. 


Balks > 


CM-3 


Uranium and Plutonium Metallurgy 


E. 


Ft. 


Jette 


CK-9 


Analysis 


K. 


A. 


Potrat* 


QJ-10 


Recovery 


R. 


B. 


Duffle Id 



In June 1944 Group CM- 11 was formed under A« U. Seybolt and was concerned with 
carrying on previous work on problems of uranium metallurgy. 

£.3 It was stated earlier that the program of the Division could not 
be defined completely until the division of labor between Loe Alamos and other 
Manhattan laboratories was decided. The metallurgy program, however, was clear 
from the beginning, aa was the necessity for setting up analytical methods for 
refereeing all questions of chemical purity, whether purification occurred here 
or at some other Laboratory. In addition there were several special service 
functions, such as the preparation of thin film targets of various materials for 
the experimental physicists, the purification of thorium for threshold fission 
detectors, and the fabrication of metal parts for apparatus and experimental work 
to be used by other groups, 

£.4 The recoamer.dat ion of the special reviewing committee (1.87) had 
favored the location of purification work at Los Alamos. In May 1943 this re- 
commendation was adopted and the necessary planning undertaken. The headquarters 
of the purification work would be at Loa Alamos, and the necessary facilities 
would be built there, including a large dust- free laboratory building. The plan 
was that after this building was completed and an adequate staff was on hand, a 
major part of the purification research and later all of the final purification 
would be done at Los Alamos. In the meantime this research would be carried out 
at the Metallurgical laboratory, at the University of California at Berkeley 
and at Iowa State College. In order to maintain the advantages of Los Alamos 
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control and responsibility for purification and yet minimize the expansion which 
might be required by reason' of such a program, it was evident that a coordinator 
would have to be found to establish the proper lines of demarcation between the 
work of this site and the others involved* late in May 1943, C. A. Thomas, 
Research Director of Monsanto Chemical Company, visited Los Alamos to consider 
the requirements and the position of coordinator* 

8.5 At the end of July Thomas accepted the position* His job was not 
one of coordinating the research programs of the various projects but simply one 
of establishing communication between otherwise Isolated laboratories and 
adjudicating their conflicting requirements for scarce materials* At about this 
time the planned new building was designed by Brasier with the advice of Thomas 
and members of his staff, and erected. In spite of the fact that this building 
was constructed of the same temporary materials as other Los Alamos buildings, 
it was remarkable in that it embodied the features of being both dustproof and 
air-conditioned. It was largely completed and staff members were moving in by 
December 1943 • 

8.6 Immediately upon undertaking his duties, Thomas set up a program 
for the extraction of polonium, either from lead dioxide residues that had been 
located or from bismuth which could be irradiated in the piles at Clinton or 
Hanford. Research on the former problem was undertaken at the Monsanto Labor*- 
atories and on the latter at Berkeley. 

? # 7 As already noted, a division of labor in many problems continued 
under Thomas' direction* For example, in the case of the investigation of 
plutonium chemistry as distinguished from purification proper, a 3erkeley group 
provided information on the oxidation and valence states of plutonium, 7;hile the 
earliest reports on density and crystal structure of the metal came from the 
Metallurgical laboratory. It might be noted, relative to the last mentioned 
work, that the measurements at the Metallurgical laboratory were made before it 



was definitely established by investigations conducted at Los Alamos that there 
was more than one allotropic form of the metal, (3.3#) . However, it was suggested 
in February of 19kh that the difference in structure in barium-and calcium- 
reduced plutonium, reported by Chicago workers, might be caused by the exictence 
of at least two such forms. \^ 

3 # & Further instances of co-extensive programs at various sites occur- 
red in the work of the bomb method of plutonium reduction (3.41-3) by both the 
Metallurgical Laboratory and t^^Los Alamos group although the work at the 
former was only on a small scale. The simultaneous development was undertaken 
at these two laboratories of methods of spectrograph^ analysis for many elements, 
in particular the cupferron-chlorof orm extraction method with copper spark analysis 
(*3.77)» As to the latter, work on the method continued at Chicago with the final 
development being done at Los Alamos. 

3.9 Thomas further arranged in the course of the liaison work that the 
Metallurgical Laboratory should be primarily responsible for the procurement of 
two groups of materials for the entire project, reagents of much higher purity 
than these conmerclally obtainable and refractories for use by the many metallurg- 
ical groups. The problem of securing an adequate supply of satisfactory refractorie 
became increasingly important with the expansion of work by the Los Alamos metal- 
lurgists. These difficulties had been magnified by the fact that initial arrange- 
ments for procurement were not satisfactory. Under Thomas 1 auspices, however, 
arrangements for the development and production of these refractories were initiated 
in January 194A> and it was eventually decided that a group under ^F. H. Norton at 

the lias sac tmsetts Institute of Technology was to undertake the research problems 
» 

involved. The technical problems considered will be discussed later (3.53). Tt 
should be noted that arrangements were also made about this time to carry out 
research on the use of .cerium sulfide, principally at the Hniversity of California, 
Cerium metal was produced at the Iowa State College, with the bulk of the output 
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being sent to M.I.T. Some subsidiary work was also lone at Brown University. 

5.10 Despite the most careful liaison efforts, work by the Los AL.Tnoo 
metallurgists was sometimes delayed because of the tine lag between changes in 
requirements for refractories and corresponding changes in the output by the 
fabrication groups at other sites. In order to overcome this time lag the L-xmI 
refractory research group was enlarged during April 19Uk 9 and production of 
standard refractories undertaken. Subsequently, at a meeting of the chemistry 
and metallurgy groups at Chicago in June 19V*, it was decided to send flfc pro- 
duction of Berkeley, Ames and M.I.T. to Los Alamos in an effort to meet the 
3harp rise in demand for refraotories there. Despite all these efforts the 

* - 

problem of procuring a sufficient number of the proper types of refractories 

continued throughout the period covered by this report. 

240 

S. 11 With the discovery of Pu , there was no further need for co- 
ordination of purification work. The discovery came at a time ^ien it had become 
clear that the chemical purification of Pu^^ could be accomplished, although 
still with great difficulty (for purity requirements, see Appendix 4). The division 
of labor between the various sites, moreover, was at that time well worked out. 

S # 12 The chemistry of and its attendant liaison, presented much 

simpler questions than was the case for plutoniura. There were two main problecs 

to be examined by workers at Los Alamos t The processing of the tetraf luorlie 

for experimental work in the laboratory and for the production of weapons; and 

problems concerning the "water boiler", such as the decontamination of solutions. 

235 

The purification of U UJ to the tolerance limits specified by the Los Alamos 
laboratory was undertaken by Tennessee Eastman at Cak Ridge. Los Alamos chemists 
were interested in knov/ing the procesSin^ which the material had undergone before 
shipment and the nature of the analysis done at Oak Ridge. They also specified 
the chemical form in which the material was to be shipped, for example, as the 
sulfate, nitrate or tetraf luoride. Other questions which arose were connected 
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with i3otoplc concentration, mixing of lots with different concentrations, methods 
of assay and the like. One special item of liaison was the cooperation between 
Los Alamos and the Clinton laboratories at Oak Ridge on the production of radiobariuir 
radiolanthanum for the implosion studies (17»52)# In the course of the work in 
connection with the "water boiler" and particularly the decontamination of "water 
boiler" solutions, Los Alamos chemists leaned heavily on the corrosion experts at 
the Metallurgical Laboratory and at Clinton, while DuPont was of material assistance 
' in obtaining staiifless steel for the apparatus. 

8.13 Ike scheduling of work to be done at the Loa Alamos Laboratories, 
and particularly the concentration of purification work at this Laboratory, involved 
a necessary growth of personnel. Fflom a group of about twenty in June 1943 > the 
Chemistry and metallurgy Division grew until at its peak in 1945 it employed about 
400 staff members and technicians, "Progress was slow and the procurement of personne 
difficult because many of the most suitable men were employed in other branches of 
the Project. In the absence of an overall supervisor whose decision as to the 
allocation of these men would be binding, the difficulties became almost insurmount- 
able. The inadequacy of the metallurgical staff was particularly serious 3ince 
metallurgical work for ordnance experimentation could not be done elsewhere. 

3 # 14 From the completion of the chemistry building in December 1943* to 
April 1944, about twenty men came to Los Alamos from Berkeley, Chicago and Ames 
where they had been doing research on the purification problem* In the early fall 
a group of four men came from California Institute of Technology after the completion 
of an unrelated project there. These additions, together with the results of inten- 
sive eftorts to recruit qualified personnel through Army facilities, helped! carry 
the division past the crucial stages of its growth. The history of the Chemistry 
and Metallurgy Division as developed in the following sections is set forth under 
the following headings: Uranium Purification, Uranium i.'eU-llurgy, Plutonium 
Purification, Plutonium Metallurgy, Miscellaneous Metallurgy, liadiocheiristry and 
Analysis V/ork# 



Uranium Purif ic a t ion 

8.15 Since in terms of the gun assembly method for producing a l"' 1 *'.^* 
scale explosion the purity requirements for were three orders % of magniV.: ;e 

less exacting than for plutonium (see Appendix k) , it was the general poiic;. -f 
the chemists t (^concentrate their efforts on the more difficult of the two c;-<x-~ 
lems. For this reason, and because 3cme work had been done prior tc the pr^j.-.;ot, 
relatively little work on uranium purification was done in the first months of 
the laboratory 1 s existence. Furthermore, it seemed entirely possible that a 
purification procedure for uranium might be merely a by-product, of that for 
plutonium since a complete investigation of the chemistry of the latter had not 
yet been effected* 

8 # 16 It was, in fact, primarily the role of uranium as a stand-in for 
plutonium that was responsible for the first work in uranium purification. During 
the first half of December, 1943, it was decided to curtail, if not completely 
eliminate, the very exacting micro-chemical investigations of plutonium purifica- 
tion then going on. This decision was baaed oil the prospect of gram amounts of 
plutonium from the Clinton pile within two or three months. Under the circum- 
stances, it was believed that mic ro- chemical experience with such a stand-in as 
uranium would be more useful. This work was carried out by The Uranium and 
Plutonium Purif ication Group in cooperation with the metallurgists and aimed at 
plutonium - rather than uranium- standards of purity, 

3,17 Several methods of uranium purification were investigated durir^ 
the course of the above mentioned "stand-in" work. These methods all entailed 
a series of "wet" and "dry" chemistry steps. For example, the originally adopted 
procedure provided a carbonate precipitation (with ammonium carbonate), a diuranate 
precipitation (with ammonium hydroxide) and a. + 6 oxalate precipitation as the 
"wet" purification steps. Igniting the resulting uranyl oxalate to the oxide 
UoOrt, reduction to UO2 with hydrogen and conversion to the tetraf luoride by heating 



i 

viu-d 



in the presence of hydrogen fluoride constituted the "dry" part of tlie process. 

3 # 1S This basic procedure underwent extended investigation devoted 
chiefljr to variation in the conditions and parameters by the Purification "roup 
(CM-5) until about August 1944. Hoover, during the early months of the sawr 
year the Radiochemistry Group (CM-4) also engaged in uranium purification resear 
in the course of its work in supplying the physicists with enriched uraniup: in 
small quantiti^fcf or isotopic analysis. The "wet" purification procedure out- 
lined above was departed from in many respects such as the employment of a perax 
precipitation step, precipitation of the acetone-sulphate complex of uranium, 
electrolytic methods, and the *4 oxalate precipitation. . The success of thes«s 
variations was overshadowed by considerations of large scale production. Thus, 
for example, although the peroxide precipitation step yielded excellent result", 
the buliciness of the precipitate militated against the employment of the step In 
large scale operations. On the other hand, the ether extraction of uranyl nitr* 
plus nitric acid, also studied in the course of this work, Later came into exten 
use. 

Uranium Metallurgy 
HYDRIDES 

8#19 After the formation of the Uranium and Plutonium Metallurgy Irouj 
in April 1944* the work described below was done primarily in that group, and wv 
placed in a separate group in June 1?4A. The first work in uranium metallurgy :i1 
Los Alamos was the preparation and powder metallurgy of its hydride. T::is con^r-i 
had been successfully produced on the project by Spedding's group at Am.es and tis 
existence of the possibility of large scale controlled production was learned of 
at Los alamos in April 1943 • The employment of the hydride in a bomb wl.s still 
being seriously considered (A. 14). Consequently, metallurgical investigations 
concerning uranium hydride were in order. Hie early literature identified * hfj c 
pound as Wi but primary work in the formation of the hydride indicated th~t T 1U 
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was closer to the true formula. That this whs so was verified independent ] v 



9 



by the chemists. 

8«20 The metallurgical work was modified by bomb requirements with 
the result that methods of producing hydride in high density form and the 
elimination of the pyrophoric characteristic became important ^roblejns. Comp 
ing of the hydride by cold pressing and hot pressing methods was attempted ; 
well as the possibility of hydride formation under high pressures applied extei 
nally to the massive material being treated. Tnis work generally led to the 
establishment of many control factors in the hydride formation process. r 
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URANIUM REDUCTION 



8 9 22 The problem of preparing uranium metal of high purity was .u.d 



with two objectives in mind. The objectives of the problem were: (a) the 
development of email-scale methods (0«5 to 1000 grams of metal) for the prepara- 
tion of uranium metal of high purity which could be applied to enriched uranium 
metal when it becomes available; and (b) the use of uranium as a stand-in element 
for the development of reduction techniques which might be applied to the prepara- 
tion of plutonium metal. Two general methods of metal preparation were investi- 
gated, the electroyltic process and the meta Hot hemic process. The latter 
process wa3 divided into two methods, the centrifuge method and the so-called 
stationary bomb method 
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:ctrolytic Process : The only successful electrolytic reduction 



process available for uranium at the time this work was initiated was the IVesting- 
house process which employed UF^ and dissolved in a fused mixture. of sodium 
and calcium chlorides. The product produced by this process was a fine powder 
containing considerable oxide and, therefore, required washing, pressing, and melt- 
ing for purification. These steps involve losses which are excessive considering 



the value of 



metal to be produced 



uranium). Investigations here 



showed that uranium could be deposited above its melting point from solutions of 

and chlorides, but at high temperatures the impurity was likely 
to be low. Accordingly, the most extensive investigations were limited to lower 



UF^ in 



temperatures, and in order to simplify the container problem, to electrolytes 
containing no fluorides. Electrolytic methods were developed for the preparation 
of uranium metal on the 50 mg (of metal) scale and the 200-300 grams (of metal) 
scale. Tne electrolyte used consisted of 25 to 30 percent uranium trichloride in 



a solvent containing L3 percent BaCl^, 31 percent KC1 and 21 percent by weight 



T'aCl. Tie operating temperature was /U*30°C. Th^ higfr 
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both scales was in the form of dendrites which could be pressed and melted into 
one coherent piece. The recovery yields for the small scale method were 40 to 
70 percent and for the larger scale were 30-90 percent, (Appendix 7 » No. 24 ). 
3*24 M eta llothermic Reduction Methods: 

a. Centrifuge Method: The purpose of this method was to reduce uranium 
metal on the small scale (50 mg-1 gram of metal) by taking advantage of the in- 
creased g value for the collection of the small amounts of metal. The method 
consisted of reducing a uranium hallde with either Ca or Li metal in a sealed 
bomb* The bomb was placed in a graphite rotor which was rotated while being 
heated in an induction coil # Successful reductions were made using the following 
mixtures: (1) UP^ ♦ Ca ♦ I 2 , (2) UF^ ♦ U, (3) UFj ♦ Id, (A) UClj ♦ Li, Ca, or 
Ba. The metal produced in (l) was brittle and contained considerable amounts of 
entrapped slag. The metal produced using the other mixtures was malleable but 
usually contained some entrapped slag which decreased the purity of the metal. 
Very good yields were obtained in aU cases. (Appendix 7 , No. 25 )• 

b. Stationary Bomb Method: At the time this problem was started 
(August 1943) only the large-scale (25 pounds of metal) reduction technique as 
developed at Iowa State College and the possible use of iodine as a booster were 
known. This large-scale method was not applicable to small-scale work where 
high yields and high purity were needed. The problem here involved the develop- 
ment of refractory crucibles for the reaction, the design of suitable bombs, the 
investigation of raw materials for the reaction, and the development of techniques 
for each scale of reduction studied. Methods of handling the very valuable en- 
riched uranium with danger of loss were also worked out. Successful bomb techniques 
were developed for the reduction of uranium tetraf luoride and uranium trichloride 
with calcium metal on the 0.5 g, 1 g, 10 g, 25 g, 250 g, 500 g, and KXX) g (of 
metal) scales. Most of the work was done on the tetraf luoride because of the 
hygroscopic nature and the more difficult preparation of the trichloride. 



Experiments on the 10 gram scale also showed that UTi could be reduced with 
calcium metal using the same procedures as were used for the fluoride and 
chloride. 
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v Argon was used as an inert atmosphere in the bomb. The amount of iodine used 
and the heating cycles varied with each scale of reduction. It was found that 
. magnesium oxide crucibles were the most satisfactory. Methods for the prepara- 
tion of the several types of UgO crucibles were developed, the methods later 

being used by MIT for the routine preparation of the large scale crucibles. 

~ • — «. s 
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URANIUM ALLOTS 

8.25 Alloys were sought which would have better physical properties 
for fabrication than the unalloyed metal. Beginning in November 1943, an 
intensive program was undertaken on the preparation of uranium alloys in various 
percentage compositions. Mixtures of uranium with molybdenum, zirconium, columbium 
and rhenium were obtained which indicated that many desirable properties could 

be produced in such alloys. In particular, extended investigation of the uranium 
molybdenum system showed that it had a much higher yield strength than pure 
uranium. The emphasis on this work, however, was not maintained and in the fall 
of 1944 most of the alloy research was dropped, as ordinary uranium was found to 
have adequate physical properties. 
Plutonium Purification 

8.26 The plutonium purification procedure, as distinguished from the 

* 

more general chemistry of plutonium, was primarily the work of the Uranium and 
Plutonium Furif ication Group at Los Alamos. Sarly in October 1943, the first 
small quantities of plutonium arrived at the Laboratory and shortly thereafter 
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intensive work on stand-ins was initiated to permit the members of the 
Purification Group to determine and improve their techniques. The stand-ins 
used included uranium, cerium, lanthanum, zirconium and thorium. Uranium was 
used principally in the investigation of ether extraction methods; thorium 
and cerium were employed to test solubilities and purification by various 
precipitations* In metallurgical work, cerium trichloride was used as a 
stand- in for plutonium trichloride and in other small scale work cerium tetra- 
fluoride was used as a stand-in for the corresponding plutonium salt* 

3 # 27 The development of plutonium purification procedures is readily 
divisible into three parts: wet processing, dry processing and, by reason of 
the cost of the material, a recovery process* The intensity wHh which the 
division attacked the difficult problem of plutonium chemistry was rewarded 
by the complete development in the first period of the wet chemistry procedure 
finally used in large scale work. By August 1944, however, the dry process 
and recovery procedures had not been completely determined. The former was 
still in the formative stage of development and the latter, while satisfactory, 
was greatly simplified by later research (17*18-21). 
THE WET PROCESS 

3.23 The plutonium output from Clinton and later from Hanford was 
received at Los Alamos as a highly viscous mixture of decontaminated and partially 
purified nitrates. These nitrates consisted of about 50% + 4 plutonium and 50#*6 
plutonium* This material had to be dissolved out of its stainless steel shipping 
container, diluted and a sample removed for radio-assay purposes. This pre- 
liminary work generally required between three and four days and when completed 

•a 

permitted further processing by the wet purification steps. A wide variety of 
purification procedures were investigated. Early in 1944 the first tentative 
procedure involved a double sodium plutonyl acetate precipitation followed by a 
double ether extraction employing sodium nitrate as a salting-out agent. Potassium 
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bichromate was originally used to go from ^4 to «-6 plutonium ion* but this was 
soon superseded by sodium broraate plus nitric acid. For selective reduction from 
t 6 to +3 plutonium, hydrogen iodide or potassium iodide in acid solution were 
used throughout the work. 

5.29 The first, major difficulty encountered was the need of a process 
to separate small amounts of uranium impurity from large amounts of plutonium. 
Various compounds such as carbonate , peroxide, fluoride, iodate and oxalate were 
investigated, liie iodate Pu(lOj)^ was found to give 99*5 per cent removal in 
two precipitations with a selective reduction step, but it proved extremely 
difficult to convert this compound to sodium plutonyl acetate • Finally the 
precipitation of the O oxalate provided the solution to the problem and became 
an important part of all future processes. 

3.30 The procedure as outlined gradually changed. Two oxalate pre- 
cipitation steps -were incorporated. An ether extraction and a plutonyl acetate 
step were dropped. By July 19^4# completely enclosed one-gram and eight-gram 
apparatus was being set up, and the process known as the M A ,f process had taken 
form. This involved reduction to O oxidation state, oxalate precipitation, 
oxidation to +6 oxidation state, sodium plutonyl acetate precipitation, ether 
extraction from nitric acid and ammonium nitrate solution, reduction to +3 
oxidation state, and a final oxalate precipitation. The process gave yields of 
about 95 per cent. The product was then turned over to the dry chemists as an 
oxalate slurry. The residue supernatants were returned for recovery. 

3.31 The reason for the development of enclosed apparatus was primarily 
the plutonium health nazaix} (9.30). 

THE DfiY. PROCESS % 

3.32 Since the conversion of the wet oxalates to the dry halide of 
plutonium led to a product which the metallurgists had to reduce to metal, there 
was collaboration between these groups in the attempt to settle on a suitable 




.3- 



r 



^ 



3 



■ : 



VTII-15 



compound for reduction. » Jfc* tetraf luoride was decided upon In Jul/ 1944* The 
preceding investigations covered the range of most of the halides of plutonium 
(for calcium bono reduction) and PuO^ (for carbon reduction) • Plutonous 
chloride and bromide were rejected because they were highly Ijygroecopic* The 
carboW reduction of the oxide was also dropped* 

6Y33 preparation of the tetrafluoride underwent continual develop- 
ment and Improvement during the course of the work of the laboratory* It was 
prepared variously free* the nitrate,, oxalate and oxide by the use of anhydrous 
hydrogen fluoride* The convert ion of the nitrate was poor, and research con- 
centrated on the conversion of the oxalate and oxide* H» final choice of the 
exlde occurred early In 1%5# as did the final development of production methods 

+ 

apoovgnr or plutonium 

6*34 Except for the peroxide recovery method (17*22) all procedures 

■ 

were developed before August 1944** by the Hoc ovary Group* Recovery was necessary 
from the supernatant* of plutonium purification and from liners and slags of the 
Metallurgists* Fran the supernatants the procedure involved concentration of 

tbo plutonium with subsequent purification* Reduction was made with sulphur 

- ■ 

dioxide followed by a precipitation with sodium fry dr o xi de* Treatment with 
aluminum hydroxide as carrier brought down further amounts of plutoniusi* About 
one milligram per liter remained in selution t and these secondary supernatants 
were stored* Purification steps originally involved iodide reduction oxalate 
precipitation* oxidation ether extraction* sodium plutonyl acetate precipitation, 

» 

iodide reduction* and a final oxalate precipitation* After these steps had been 
carried out, the purified product went directly to the dry c heals ts* 

£♦35 Work on liner and slag recovery showed quite early that complete 
solution would be necessary for good recovery* The major difficulty was to 
remove iodine and iodide ion before solution* The first method developed was 



one of CCl^ or sodium sulfite extraction for the 1^. Following this, lHnr^ 
and slag were dissolved in hydrochloric or nitric acid, followed by & pre- 
cipitation of Pu(OH)^ from a solution almost saturated with ammonium nitrate. 
This precipitation was carried out at a high enough hydrogen ion concentration 
to leave most of the magnesium (from the magnesia liner) in solution* 

■ 

■ » 

Plutonium Metallurgy 

3.36 In March 1944 the first bomb reductions of PuF^ and PuClj were 

■ -* 
undertaken by* the Uranium and Plutonium Metallurgy Group. This was the first 

direct metallurgical work with plutonium, although previous work had been done 

.with stan£»ixis (8,22). Emphasis was placed at this tjjne on the electrolytic, 

method and chloride reduction. 

3*3? Research on the physical properties of plutonium metal began 
in Ajril 1944 and was to prove of major importance because of the unique 
physical properties of the metal. 3y May 1944 metal yields were over 30 per 
cent by a number of methods and the shift of interest to the stationary bomb 
reduction method began. Extensive work on remelting, as a final purification 
step, centered interest on the use of refractories) which would not contain 
light element contaminants* This eliminated the usual refractory-materials. 
One of the principal refractory materials investigated in these studies was 
cerium sulfide (8*53)* 

£•3$ Discrepancies found in the density of various metal samples 
produced the first hint of the existence of plutonium allotropes. By June, 
metal obtained from FuClj using calcium as a reducing agent and subsequent 
remelting in cerium sulfide crucibles came within a factor of ten in meeting 
the prevailing purity specifications. The alpha and beta allotropes of 
plutonium were definitely established at this time and the Pu02 plus carbon 
reduction method developed in the High Vacuum Research Group came into 
temporary prominence. 
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rUTTOIIUM REDUCTION 

£.39 As with uranium, two general methods of metal preparation were 
investigated; the electrolytic process and the metallothermic process. The 
latter process was again divided into two methods; the centrifuge method and the 
so-called stationary bomb method. An additional method was also studied in which 
the oxide of plutonium was reduced and. the metal distilled. \ *\ 
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£.40 Electrolytic Process: Investigations of the electrolytic 
reduction of plutonium on the 50 mg-1 gram (of metal) scale gave recovery yields 
of *v50 percent. The bath consisted of 24 percent PuCl^ in a solvent containing 
43 percent BaCL>, 31 percent'KCl, and 21 percent by weight of NaCl. . The metal 
obtained was in the form of droplets and usually contained small amounts of the 
cathode elsment. With the discovery of Pii*^, the work on the electrolytic 
process v;as stopped in favor of the metallothermic process. Details of the 

electrolytic process are given in La-14&« 

■ - *\ ~ 

8.41 Centrifuge Reduction Method: As in the case of uranium (8.24), 
the purpose of this method was to prepare plutonium metal on the small scale 
(50 mg-1 gram of metal) by taking advantage of the increased g value for the 
collection of the small amounts of metal. Successful reductions of plutonium 
were made using PuCl^ or PuF^ with Li ai a reductant. Calcium reductions of 
these halides using iodine as a booster were not as successful. The plutonium 
metal prepared by the centrifuge method was the first plutonium metal prepared 
on any scale larger than a few micrograms. With the development of the 0.5 grain 
scale stationary bomb method for the preparation of plutonium, the centrifuge 
method was abandoned. However, the centrifuge served its purpose at a time when 
it was needed most. (Appendix 7 , No. 27 ) 0 
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&.U2 Stationary Bomb Method: The work on this probleir. was started 
in !.'arch 1944; however, much preliminary .vork had already been done using uranium 
as a stand-in. As in the case of uranium, the problem of plutonium reduction 
involved the development of refractory crucibles for the reaction, the design of 
suitable bombs, the investigation of raw materials for the reaction, and the 
development of techniques of each scale of reduction studied. During the research 
on plutoniuin, cerium and lanthanum were also used as stand-in elements, and tech- 
niques were developed to prepare both metals from their chlorides and fluorides 
on all the scales given below. The chloride of plutonium was used for the first 

successful reductions of plutonium by the stationary bomb method. These reductibns 

* 

were done on the 0.5* 1# and 10 gram scale. The fluoride was then investigated 
and found to be more satisfactory because of its non-hygroscopic nature an^ greater 
ease of preparation. Successful techniques were developed for the reduction of 
plutonium on the 0.5, 1, 10, 25, 160, 320, and 430 gram scales. The average yields 
in a single button of clean metal ranged from 95/5 for 0.5 gm, to 99$ for the 320 
and 4&0 gram scales. The bromide was also reduced on the 1 gram scale, but with 
lower yields. The methods developed here from the reduction of PuF^ are now used 
for the routine production of pure plutonium metal. (Appendix 7 , No # 2B ) 

8.43 The oxide reduction method involved the reduction of plutonium 
oxide with carbon or silicon and distilling the resulting metal onto a cold finger* 
This method gave yields oh a small scale (5 gram) of 30 to 90 percent of spectre— 
scopically pure plutonium. The discovery of Pvl^ called a halt to this ultra- 
high purity method. 

£•44 In addition to reduction techniques, reinelting techniques were also 
investigated. A large part of this work was in the choice of crucible materials. 
Remelting was important because of the need for metal with uniform physical 
properties and because further impurities (e.g. magnesium) were removed in the 
process. 
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3.45 Extensive work was carried out by the les Alamos metallurgists 
on the physical properties of plutonium metal. Early results yielded in- 
consistent data from measurements on different metal samples. In July 1944 
these inconsistencies were partially explained by proof of the existence of 
alpha and beta allotropes, with a transition froci the room- temperature alpha 
phase to the beta phase at between 100-150° C. 
Mlsc ellane ous Metallurgy 

8.46 A good deal of outstanding metallurgical work was done at Los 

* 

Alamos outside the narrow field of uranium and plutonium, principally by the 
Miscellaneous Metallurgy Group, Many of the jobs undertaken were more or less 
routine, but these routines had to be developed through the solution of diffi< 
minor problems. The development of uranium hydride compacts has been discussed 
in connection with uranium metallurgy (3,19-21). Work on the compacting of boron 
neutron-absorbers was undertaken in August 1943. * Development of beryllia tamper, 
material for the water boiler was begun in the same month. The formation of 
high-density beryllia bricks for this 'became a production job in December. 1943 
and was completed in February 1944. I DBLCTKD~ DHJETB6 ~\) 



J ^ D1LETBD ,Xtrfuay, because of the difficulties encountered 

in obtaining refractories from other sources, magnesia liners and eerium sulfide 



crucibles were developed for the plutonium metallurgy program, 
B0ROM COMPACTS 
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£.47 The remarkable properties of boron^ as a neutron absorber gaye 



: this material several uses in the laboratory - | 
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The potential importance of boron was such that its procurement was undertaken 
iiiite early (4.20), and studies were begun of means of compacting it. The oxide, 
the carbide and the element were used as starting materials. 






Br^YLLlA COMPACTS 



One of the accomplishments of the Miscellaneous Metallurgy Group 
was the development and production of beryllia bricks for the water boiler tamper 
and scattering experiments. Since these bricks were to be used as tampers high 
density was desirable. Beryllium metal would have been the best tamper material. 
Use of the metal at that time, however, would Vave virtually exhausted the 
country's supply. _ 

8.50 Various methods of obtaining' High density were tried, among them 
impregnation with magnesium fluoride but the fluoride was undesirable from a 
nuclear point of vieflL^A method of impregnation with beryllium nitrate followed 
by ignition proved rather poor*- The method finally chosen was a hot pressing 
technique, somewhat unusual for a refractory material. 

8.51 Experimentally, the bricks were prepressed in a steel mold, then 
hot pressed in graphite at 1700° C at pressures in the neighborhood of 1000 pounds 
per square inch for five to twenty minutes. Fifty-three bricks were made for the 
water boiler tamper, shaped to fit around the 12-1/16 inch sphere of the boiler. 
For this production Job the method was a variation of the method described above. 
The density averaged 2.76. 




CRUCT3IE AND REFRACTORY RESEARCH 

8.53 The purpose of this important work was to find materials for 
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crucibles and liners which would not introduce contaminants into purified 
uranium and plutonium. Wetting, sticking and thermal sensitivity had also to 
be considered. In this program a great many substances were investigated 1 
including cerium sulfides, calcium oxide, magnesium oxide, tantalum, graphite, 
a tantalum- thorium nitride mixture, zirconium nitride, thorium sulfide^, * 
beryllia, uranium nitride, thoria, tungsten carbide, tantalum carbide, titanium 
nitride and many others. Cerium sulfide was one** of^ the really hopeful materials 

found during this period and effort was concentrated on trying to improve the 

/ '_ 

fabricated material^ resistance to thermal shock, its main weakness, 
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"* MISCELLANEOUS SERVICE ACTIVITIES 

* 

8 # 54 The metallurgists prepared a great variety of. materials for 
physics and ordnance experiments. These involved machining, heat treating, 
metallographic studies, casting of various metals, electroplating, miscellaneous 
plastic preparations and powder metallurgy. Metallographic methods for uranium 
and plutonium studies were essentially new. This work was done mainly by the 
Heat Treating & Metallography Group, and the Miscellaneous Metallurgy Group. 
Radiochemistry 

£.55 Prior to August 1944 the work of the Radiochemistry Group fell 
into the following categories: foil preparation, boron trifluoride preparation, 
development of sensitive methods of neutron detection, the chemistry of initiators, 
the chemistry of the water boiler and the planning of remote control methods for 
the handling oT radio- lanthanum* 
FOIL PREPARATION 

£•56 ?fre preparation of thin foils for physical experiments was a 
service activity but, as such, involved a great deal of arduous and delicate 
work, and continued research on methods. Foils of a large number of different 



substances were made with emphasis on the oxides of uranium and plutonium* 
Among other substances were boron, protoactinium, uranium 233* neptunium 237 
and thorium. . 1 s 

t 

8»57 The principal methods of foil preparation used were evaporation, 
electrodeposition and the "lacquer" method, — the last so-called because in it 
an alcohol metal salt solution is mired with a nitrocellulose lacquer, spread in 
a thin film, and ignited to oxide. 

8 # 5# Boric oxide foils were prepared by the lacquer method. Aluminum 
boride foils were prepared by heating aluminum foil3 in boron trifluoride. 
Boron was deposited on tantalum and tungsten foils by thermal decomposition of 
diborane. This work with boron was exceptionally difficult, requiring the 
production of very,, thin foils with accurately known mass. It was developed by 
Horace Russell, Jr. (deceased). Deposits of the oxides of thorium, uranium and 
plutonium were prepared by the lacquer technique, as well as by electrolytic 
methods . 

8* 59 The virtuosity of the chemists engaged in tjiis work was remark- 
able. They turned out large numbers of foils that accurately met the physicist* 1 
specifications, including unusual geometries. In many cases the data supplied 
with the foils by the chemists were as important in interpreting physical 
experiments as any of the physical measurements made with them. 

CM EXI3TRY OF INITIATORS 
..i . - ■ ■ 

8.60 It was assumed from the beginning that a neutron initiator would 
be used with the bomb to provide a strong neutron source that would operate at 
the instant of optimal assembly. Naturally, the first initiators were jdesigned 
fcr the gun (7«i+0). .The type of initiator, if any, to be used with the implosion 
was not settled until after August 19hU* The principal mechanism adopted for 
the initiator was the properly timed mixing of alpha-radioactive material with 
a substance that would support the ( q ,n) reaction, j 

MUTED 




VIII 




MRJRPBD 



HBUETKD 




ivy*- • 



- *V*" 



' K- 



,.<v . 





. ^ of tb^ 



reaction, product and the 




^'^?"^\:''r j * oft'heWtronii'-'iiiVa'iaVge tclaae . oj^^"'ii» WriiiiK«1. Until;-. Wr ly. X9Ai^ ^ ethylene^ bromide was i 
J-i . ; ,r , \ised as. the basis of the procedures , " At ; that tike work began with potassium' per- 



manganate; A detection efficiency of about ten 'per- cent 1 , was; \ evmiually;!6btainiBid^ % l 
v * . ■ - 8 ♦ 62 Sensitive.' boron tr if luoride, ccdnters were developed cooperatively 



by the. Radiochemistry Group and the. Radioactivity, Qrdupi ^It wax^hesjob of the 




V. 



! *. »■ '*■!- " " . ' ' 
^ ' r ~-.~: — j _^ ^ 



radiochemists to prepare this substance in an extremely pure form* High purity 
of the product made possible effective operation at high boron trif luaride 
pressures* The first such counter, the "bucket chamber", had a one or two per 
cent efficiency* Later, the radiochemists developed another counter themselves 
(17.37). 

WATER BOILER CHEtaSTRT + 

8*63 Since the water boiler contained active material in aqueous 

f 

solution, there were a number of chemical problems associated with the physical 

- 

ones. The choice of a compound to use, the original purification, of the material, 
the prevention of corrosion of the containing sphere, and methods of decontamina** 
tion and analysis were the main matters requiring investigation. 

£•64 In the original boiler it was decided to use uranyl sulfate for 



the following reasons: the solubility and solution density were higher than 
of the nitrate; there was, moreover, some saving in critical mass because 



the neutron capture cross-section is smaller for sulfur than for nitrogen. 

8*65 Purity requirement* were not strenuous except, for two or three 
light elements. They were calculated by the rule that no impurity in the solution 
should absorb more slow neutrons than the sulfur in the sulfate* 

8*66 Work oh corrosion determined that stainless steels were suitable 

for boiler container and piping* The effects of working, welding and annealing 

1 

were studied and it was shown that weight loss dropped to zero after a few days 
time* Boiler parts were therefore pretreated with normal iaotopic uranium 
sulfate solution and corrosion difficulties were substantially eliminated* 

* 

8*67 The hydrates of uranyl sulfate were investigated in order to 
predict volume changes from final additions of active material to the boiler 
n soup n » A stable hernia-hydrate was found with less water than the normal pre* 
cipitate from saturated solutions « 

8.68 The refractive index of uranyl sulfate solutions was investigated « 
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to develop a rapid method of keeping track of amounts of uranium in solution. 
With monochromatic light through pure solutions, concentration would be 
measured to 0.1 per cent, 

8.69 In the actual setting up of the boiler in Hay 1944, the chemists 
made all additions and removals of "soup", keeping accurate records of con- 
centration by the refractive index and by gravimetric analysis method. IVhen 
the activity of the boiler reached the critical point the concentration was 
measured by refractrimetry and checked by other methods. The control rod was 
calibrated by adding small weighed increments of sulfate and determining the 
critical setting of the control rod for each increment. 

RADIOIANTMANUU 

8.70 Before August 1944 no test shots were fired in the Rala program 
(7 # 74). Design of a "mechanical chemist" for remote control work with this 
highly radioactive material began, however, as early aa May 1944* By August 

C the apparatus, at the Bayo Canyon site, was almost complete. Further account 

of this work is found in Chapter XVII. 
Analyti^aJ^Iethods 

8 # 71 The high purity analytical program was organized on the basis of 
theoretical considerations already reported (1.73) • The plan to use plutonium 
originally demanded an extremely low rate of neutron emission, estimated to be 
3 neutrons per minute per gram. Tolerance limits for each element were calculated 
by polonium alpha -particle bombardment of element targets and calculation of 
the neutron yield, thus obtaining the amount of element necessary to give 3 
neutrons per minute. 

3.72 The tolerance limits for 13 elements, not counting the rare 
earths, were found to be below 100 parts per million. In addition, effects are 
additive. It was generally agreed that the sensitivity of analytical methods 
should be one tenth of tolerance. Since early experimental production would be 
very small, and analytical samples might well be no larger than 1 milligram, iti 
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was evident that research on new submicro-analytical methods was necessary. 

3,73 In general, high sensitivity was sought rather than high 
precision. The analytical chemist's greatest difficulty was to identify and 
determine approxinately the interfering elements. When this was done the 
purification procedure could be modified to eliminate such elements or at 
least cut them down considerably. 

8 # 74 Unusual factors entered into such submicro work. Reagents 
had to be unbelievably purified in order that the presence of a particular 
impurity should not become the limiting factor of the method. Contamination 
was probably the major difficulty since most of the worst elements are pre- 
valent in any ordinary experimental environment (atmospheric dust and f\m>r. , 
floor scuffings, etp.). The laboratories were equipped with precipitron ♦ 
Floors and walls were kept very clean, A special sub-group of the CW-i 
Service Group was devoted to light element contamination control and invest- 
igation. Theirs was the job of making certain that dust in laboratory air 
was at a minimum and that laboratory personnel were not unconsciously causin." 
some significant contamination. Control tests were run on dust deposition in 
the laboratories; the humidifying system was found to bring in contamination 
and was stopped. Shoe covers were adopted to avoid floor scuffing and methods 
of cleaning floors were improved. 

3.75 Some of. the analytical methods used at Los Alamos were developed 
at the Chicago Metallurgical laboratory. Rather close liaison existed between 

ft 

the two projects in this particular field. One of the outstanding analytical 
developments at Los Alamos was the vacuum method for carbon and oxygen analysis. 

. 3.76 The analytical methods involved in the early work at Los Alamos 
may be divided into the following categories: 
1. Spectrochenxical Methods. 
A. Flutonium 
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(1) The cupferron and gallic acid methods — trace analysis 
^ - for light element impurities. 

(2) The direct copper-spark method. 

B. Uranium 

(1) The gallium-axide-pyroelectric method. 

(2) Determination of rare earths in uranium, 

(3) Cupferron precipitable refractories in uranium. 

C. Miscellaneous 

(1) Impurities in graphite by gallium-oxide-pyroelectric 
method* 

(2) Determination of fluorine in uranium and calcium 
(the strontium fluoride band method). 

2. Color imetric Methods. 

A. Determination of phosphorus in uranium and plutonium. 

B. Determination of microgram quantities of acid soluble sulfide 
sulfur. 

C. Determination of iron in plutonium. 

D. Determination of subwnicrogram quantities of boron in 
calcium, uranium and plutonium. 

3. Gravimetric Methods. 

A. Determination of molybdenum in uranium-molybdenum alloys. 

B. Determination of carbon in uranium tetraf luoride. . 
U. Assay Methods. 

A* Radioassay. 
B. Photometric assay. 
5. Gas ome trie Methods. 

A. Oxygen. 

B. Carbon. 



1, SPECTROCKEMICAL METHODS 

8*77 These methods were developed by the Analysis Group* Copper 
electrodes for use with spark excitation had been used at Berkeley in the 
first spectrochemlcal analysis of plutonium* The direct copper spark method 
as used at Los Alamos was a Chicago development. It had been shown at Chicago 
that plutoniuot could be extracted by cupferron and chloroform* Hie method 
of making this separation before sparking was conceived at Chicago but developed 
at Los Alamos* The pyroelectric-gallium-oxidc method was developed at Los Alamos* 
A # Plutonium analysis • 

$•78 The cupferron and gallic acid methods were first used (early 1944) 
as co-methods in developing routines for trace analysis of the light elements* 
The former was chosen as standard* When, in August 1944; purity standards** were 

* * 

relaxed, the need for very sensitive methods disappeared and further research on 
their improvement ended* The cupferron method i» discussed in Chapter XVII* 

8*79 The direct copper spark method was used throughout the laboratory 

spark-spectrum photographed in the 2500-50QG angstrom range. The quantities of 
Impurities are estimated by measurement of spectral line densities* E(jr the end 
of this history, this was the only method available for the determination of 

thorium and zirconium* It was used for preliminary determination of impurities 

■ 

in incoming Kanford plutonium solutions* 

% - SSISJ^g ^inalysis 

8*80 Except for a short time early in 1944 when the gallic acid 
method ^£ analysis was tried for a while, the pyro-electric method was the means 
of overall purity analysis of uranium* In this method the oxide mixed with 
gallium oxide is arced from a crater in a graphite electrode and estimates are 
made spectrographs ally. , Volatilization of impurities along with gallium occurs 
in a manner analogous to steam distillations but the complex uranium spectrum 



does not appear. Volatile compounds lost in ignition to the oxide are not 
determinable. 

8. SI Rare earth determination of high sensitivity was made possible 
by a method which removed other impurities, followed by examination of the 
spark spectrum, 

8.82 Cupferron-precipitable refractories —titanium, zirconium and 
iron-* were separated from other impurities by this method and examined in the 
copper spark, 

£• Miscellaneous 

8.83 Graphite purity analysis was developed as an adjunct of the 

3 

PuC>2 graphite metal reduction (8.42) and dropped with the latter, 

Bm% The strontium fluoride band method was the only successful 
method discovered for fluorine analysis. This method involved the absorption 
of fluorine in sodium hydroxide. The sodium fluoride is arced in the presence 
of excess strontium oxide and the amount of fluorine estimated by comparing 
strontium fluoride band head intensities with a standard. This method seems 
applicable to a number of materials but at Los Alamos has only been applied to 
uranium and calcium. 
2. COLORBaSTRIC METHODS 

8.85 Phosphorus in uranium and plutonium was estimated by a 
colorimetric method depending on the formation of molybdenum blue from 
orthophosphate. 

8»£6 Microgram quantities of acid-soluble sulfide were estimated 

by a colorimetric method. This depends upon the conversion of hydrogen sulfide 
into methylene blue, which is determined spectrophotoraetrically, 

3.37 Iron was determined spectrophotometrically in the presence of 
♦ 3 plutonium after reduction to the ferrous state with hydroxylamine. 
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3.33 Boron in calcium, uranium tetrafluoride and plutonium were 
determined by distillation as methyl borate from a special quarta still. 
The distillate was trapped in calcium hydroxide solution and the boron 
estimated by a colorimetric method. 

3. GRAVIMETRIC METHODS 

8#39 Gravimetric methods were used for the determination of 
molybdenum in uranium-molybdenum alloys and of carbon in uranium tetrafluoride. 

4. ASSAY METHODS 

8»90 Before August 1944 radioassay was the means of keeping track 
of plutonium quantities received, while a true analytical method, photometric 

assay, was being investigated. This method, however, did not yield encouraging 

■f 

results and was later proved quite untrustworthy. Hence, radioassay was 
continued. This method Involved the determination of the quantity of an aliquot 
of the material by measurement r of its alpha activity. 

5. GA30METRIC AKAUSIS 

3.91 Description of the procedures involved in this work is limited 
by the extreme complexity of the apparatus used. The apparatus used for oxygen 
and for carbon micro-determinations can be classed amon^ the most complicated 
analytical set-ups in the history of chemistry* 

3.92 The oxygen method developed by the High Vacuum Research Group 
solved one of the most pressing analytical problems at Los Alamos —the develop- 
ment of a dependable micro-method for oxygen determination. The overall method 
was not new but its application on a micro-scale, the accuracy obtained, and 
the furnace tube developed were quite new. 

3.93 The procedure involved vacuum fusion of a sample in a graphite 
crucible and analysis of the gases evolved. Oxides react with graphite at 
high temperatures, giving carbon monoxide. Determination is made of this 
compound. 



c 
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3.94 The apparatus was composed essentially of two parts, a high 
vacuum system (ID" centimeters) and a somewhat revised Prescott microga.3 
analyzer. Either one of these systems could be broken from the line independ- 
ently. The sample size was about 50 milligrams and sensitivity of the method 
was ribout ten parts per million. In the original procedure the crucible and 
furnace tube were put in place, the sample was put in a dumper bucket, and 

the tube sealed. The sample was dropped into the crucible after the latter was 
suitably degassed. The gas was then collected for analysis, 

3.95 The apparatus for carbon analysis in plutonium was simply a 
modification of the oxygen apparatus,. The sample was burned in oxygen from 
mercuric oxide in a low-carbon platinum crucible. The gaseous products were 
.then analysed by the Prescott apparatus. In this case the sensitivity was 
five parts per million or less, 

CKYOGENY 

3.96 At the very beginning it had appeared that the development of 

a deuterium super-bomb might prove feasible and necessary during the wartime 

course of the laboratory. As the great difficulties attending this development 

became more apparent, and as the energy of the laboratory was absorbed in the 

prior problem of the fission bomb, the experimental side of the "Super" project 

i 

was gradually brought to a standstill. Except for new cross section measure- 
ments later made in F Division (13«3#) this program was in fact limited from 
the beginning to investigation of the preparation and properties of liquid 
deuterium. Locally, it was virtually limited to the design and construction 

of a deuterium liquefier. This was a Joule-Thompson liquefier patterned after 

* 

that built by F. Giauque at the University of California. It consisted of 
an ethane, a liquid air, and a liquid hydrogen (or deuterium) cycle. The first 
two cycles were completed by the beginning of 1944* The hydrogen cycle was 
completed in April 1944 and tested. Although the original design w\3 for a 



nn-32 

capacity of 35 litre3 an hour, at the altitude of Los Alamos (73O0 1 ) it produced 
only 25 litres, a loss which could be compensated for by additional compression 
if necessary. 

3.97* Because of limitations of space and personnel, the physical 
investigations relevant to the problem of producing and storing liquid 
deuterium were carried out under contract by Prof. H. L. Johnston at Ohio State 
University. These included studies of the ortho-para conversion of liquid 
hydrogen and deuterium, of hydrogen-deuterium exchange problems, of the high- 
pressure low temperature equation of state for hydrogen and deuterium, of the 
heat of vaporization of liquid deuterium, of the Joule-Thompson coefficients of 
hydrogen and deuterium. Experiments were made on the properties of thermal 
insulators at low temperatures* Studies were also made of the long-term operation 
of hydrogen liquefaction equipment, 

£.9$ Work was begun under the Ohio State contract in May 1943, and 
continued through the life of the Project. The contract was renewed at six 
month intervals. As of September 1945, investigations still incomplete were 
planned for completion by the end of that year. 

5.99 After the first test of hydrogen liquefaction in April V)UL 9 
no further developments in cryogenic work occurred at Los Alamos, Long and 
his group were assigned to other problems. On the basis of his assurance that 
with existing equipment he could produce amounts of the order of 100 litres 
of liquid deuterium in two months, and amounts of the order of 1000 litres in 
eight months, cryogenic work waa forma llyf suspended in September 194A» 
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Chapter IX 

THE PERIOD AUfiUJT 1944 TO AUGUST 1945 - GENERAL RENTER 
Re organ izat ion m . * 

9»1 The second period of the Los Alamos laboratory's existence begins 

i 

with the general administrative reorganization which occurred in August 1944 (see 
graph No* 5) • Measurement of the spontaneous fission rate of Clinton plutonium 
done by the Radioactivity Group (4.4S-52) in the sumner of 1944 ended all hope of 
making .a gun assembly bomb out of this material. The Laboratory had originally 

r '■ 

been organized around the problem of making guns. Its organization had been 
stretched, but not broken, by the early implosion program. Now, however, it was 
evident that a reorientation was required. .York on the 

u235 

gun, which had proved 
a relatively simple problem, proceeded as before. But while up to this time 
implosion had been considered a difficult if rewarding alternative to the gun, it 
now became an absolute necessity if the Hanford plutonium production was to be of 
any use, A complete reorganization of the Laboratory was indicated, lwo entire 
divisions - G (tfeapon Fhysics) and X (Explosives) - were created to study the 
problem of implosion dynamics. 

9,2 G Division, under Bacher, included several groups which had worked 
under him in the Experimental Physics Division, as well as several groups from the 
Ordnance Engineering Division. X Division, under Ki3tiakowsky, included several 
groups formerly in Ordnance Engineering. Experimental Physics, renamed R (Research) 
Division, was organized under 7/ilson with those groups not transferred to G. 
The ordnance or 0 Division remained under Captain Parsons with those groups not 
transferred to G or X. CM (Chemistry and Metallurgy) Division and T (Theoretical) 
Division remained unchanged administratively, although the work of several of 
their groups changed considerably. In A (Administrative) Division, the principal 
change w:i? the c-r.^nr'.aation of a new ,-^roup under Long which included C and V Shops, 
formerly the rr^.eh*.r.o shops serving Ordnance Engineering and Experimental Physics, 
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together with many of the miscellaneous shops of other divisions. Enrico Fermi 
arrived from the Metallurgical laboratory early in September, and became leader 
of F Division, which included originally the *fater Boiler and "Super" bomb groups. 

part of the reorganization, Parsons and Fermi became Associate Directors of 
the laboratory, and Mitchell and Shane Assistant Directors, Parsons was to have 
special responsibility for all aspects of the work having to do with ordnance, 
assembly, delivery and engineering, and Fermi was to have responsibility for the 
research and theoretical divisions and for all nuclear physics problems, 

9»3 Because of the complexity and urgency of the problem, the plan for 
the laboratory's reorganization involved much interlocking of responsibilities 
and jurisdictions, G and X Divisions had to collaborate in the closest possible 
way, since they were working on separate phases of the same problem, and had to 
share facilities, equipment, and occasional^ personnel. Since 0 Division was 
responsible for items to be fabricated away from the laboratory, and for the 
design of the final weapon, it had to confer regularly and systematically with 
X and G Divisions, It was necessary to see that all plans and specifications of 
these Divisions could be incorporated into the final weapon design. If a plan 
was proposed in 0 Division to simplify fabrication, it had to be proposed to X 
and G Divisions to see whether their requirements were satisfied by it, R Division 
had to cooperate closely with G in carrying out nuclear measurements that would 
assist G in interpreting integral experiments and predicting the behavior of an 
implosion bomb. From the point of view of the implosion program, T, CM and 
R Divisions considered themselves as service divisions. Perhaps the most 
thoroughly organized of these was T Division, which drew up a plan for assigning 
theoretical groups to service work for experimental groups. Members of T Division 
kept informed of the activities of the groups to which they were assigned, attended 
meetings of these groups and were prepared to advise them when consulted. 

9.4 Shortly before the general reorganization of the laboratory, 
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Oppenheimer outlined a plan to replace the C!overning Board by two separate boards. 
The Governing Board had served as a policy making body attempting to handle general 
administrative problems and technical policies and serving as a medium for 
communicating technical developments. By the middle of 1944 it was seriously 
overburdened. The new plan divided the functions of the Governing Board between 
an Administrative and a Technical Board. Both of these bodies were advisory to 
the Director. The members of the Administrative Board appointed in July 1944 
included Lt. Col, Ashbridge (Commanding Officer), Bacher, Bethe, Dow, Kennedy, 
JCistiakowsky, Mitchell, Parsons and Shane; those of the Technical Board, Alvare2, 
Bacher, Bainbridge, Bethe, Chadwick, Fermi, Kennedy, Kisfciakowsky, McMillan, 
Neddermeyer, Captain Parsons, Rabi, Ramsey, Smith, Teller and Wilson. The 
Administrative Board was organized informally; members were urged to raise any 

i 

questions concerning administrative- problems and could invite other members of 
r" the laboratory to discuss specific topics. The Technical Board meetings consisted 

of prepared discussions on some subject of immediate technical concern and also 
of brief reports on recent progress or problems of great urgency arising between 
meetings* Such reports were made by members of the board itself, by interdivisional 
committees, by division leaders or by other members of the Laboratory who might 
have special contributions to make to the subject under discussion. 
Conferences and Committees 

9»5 Ap the implosion program developed and the time schedule tightened 
the Technical Board proved inadequate to handle the many technical problems of the 
Laboratory. It was never formally dissolved but simply stopped meeting as its 
functions were taken over by various interdivisional committees and conferences. 
Among the most important of these wei^the Intermediate Scheduling Conference 



i 



under Captain Farsons, the Technical, and Scheduling Conference, and the "Cowpuncher" 
Committee. Both of the last named committees were under the chairmanship of 
3. K. Allison, former Director of the Metallurgical Laboratory, who arrived at 
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Los Alamos in November 1944. In this shift from the single Technical Board to 
the more flexible structure of specialized committees, the Director had the 
advice not only of these committees, but also of certain senior consultants, 
notably Niels Bohr (2.5-3), I. I. Rabi (1.26), and C. C. Lauritsen (9.17), who 
served in the capacity of Elder Statesmen to the laboratory in the guidance of 
its later program. Another important consultant of the laboratory was Hartley 
Rowe, Chief Engineer of the United Fruit Company and former Technical Adviser 
to Gen. Eisenhower. Rowe came to the Laboratory in November 1944, and assumed 
responsibility for the transition from "bread board" models to production. He 
later established a new Division for this purpose (9.13), and was of great 
assistance in solving some of the "bottle-neck" problems of the laboratory, for 
example procurement of the firing unit for the implosion bomb (16.59, 19.3), 
and procurement of machinists (9.3#) • 
i 9.6 The Intermediate Scheduling Conference was an interdivisiofjal 

committee which began meeting in August 1944 to coordinate the activities, plans 
and schedules of groups more or less directly concerned with the design and test- 
ing of the implosion bomb. The, committee was formalized in November with Capt. 
Farsons as chairman, Ashworth (19.3), Bacher, Bainbridge, Brode, Galloway, 
Henderson, Kistiakowsky, Lockridge and Ramsey as permanent members and Alvarez, 
Bradbury, Doll and 'Varner as alternates. The conference scheduled topics in 
advance and invited to its meetings other members of the laboratory when occasion 
aros^. Eventually the conference was concerned with both the gun assembly and 
implosion bombs. The agenda of its meetings included chiefly procurement 
arrangements for items needed for the final weapons, the test program carried 
out in cooperation with the Air Forces and details of the packaging and assembly 
of the bomb parts for overseas shipment. Although originally planned to handle 
^ both administrat ive and technical aspects of the design and testing of bombs, this 

co:,f erence b< came almost exclusively administr : it Ive in its function, and the 




technical problem-is were handled by the Weapons Committee formed in March l?/+5« 

■ 9*7 The Technical and Scheduling Conference was organised in 
December 1944 shortly after Allison's arrival, and assumed responsibility for 
scheduling experiments, shop time and the use of active material in accordance 
with the requirements of the laboratory's program. Each conference was called 
to discuss some particular subject such as the explosive lens program or the 
program of multiplication experiments on metal spheres* Such subjects were 
announced in advance, with several persons requested to make short reports on 
various phases of the problem under consideration. The personnel of the conference 
was not fixed, but varied according to the subject to be discussed. In a large 
measure this conference took the place of the Technical Board, and was concerned 
primarily with the solution of technical problems. It became more a technical 

than a scheduling conference. T . 

i- 

9.3 The intricate problems of scheduling the implosion program became 
the task of the Cowpuncher Committee, composed of Allison, Bacher, Kistiakowsky, 
C.'C. Iauritsen, Parsons and Rowe. It was organized "to ride. herd on" the ' 
implosion program, i.e., to provide overall executive direction for carrying it 
out. The coireaittee held its first meeting early in March 1945* This group met 
often and published semi-monthly a report called the Los Alamos Implosion Program 
(Appendix 7 * No* 29 ) which presented in detail the current status of the work. 
This included the progress of experiments in each group concerned in the program, 
the scheduling of work in the various shops and the progress of procurement. 

* 

9»9 In April with the freezing of the implosicn bomb design the 
directive for G Division was amended and amplified to include responsibility for\ 
the so-called t am per assembly ^ OTLBTBD OSLVHED ^jJ 

G Division had to specify the design, obtain designs 



drawn to these specifications, and procure all parts of the first two complete 
tamper assemblies. This assignr.ent involved consultation with many sections of 
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the project and to carry it out Bacher appointed M. Holloway and P. t'orrison 
as G Division Project Engineers* They maintained clo3e relations with the 
metallurgists, with various groups of the Kxplosives Division responsible for 
the design of the outer parts of the bomb, with the Weapons Committee on 
conditions of transport and storage and with the Cewpuncher Committee for an 
overall check of their work. 

9*10 Among other interdivisional committees was the Weapons Comaittee, 
organized in March 1945# It assumed to a large extent the technical responsibil- 
ities originally assigned to the Intermediate Scheduling Conference, which became 
primarily an administrative group. The Weapons Committee was directly responsible 
to Capt. Parsons and was organized with Ramsey as chairman and Warner as executive 
secretary. It included eventually Comdr. Birch, Brode, Bradbury, Fusee 11, G. 
Fowler, and Morr*ison# This committee was asked to assume responsibility for 
planning all phases of the work peculiar to combat delivery and later became part 
of Project A (Chapter XIX) (Appendix 7 , No. 30 )* 

9«11 A Detonator Ceomittee composed of Alvarez, 3alnbridge, and 
Lockridge, was appointed in October 1944 to decide all questions connected with 
the external procurement of electric detonators. Bacher, Ferai and V/ilson composed 
a committee for the detailed planning and scheduling of experiments with 
metal in order to save time and make the experimental program as fruitful and 
illuminating as possible. In February 1945, Oppenheimer appointed Bethe, Christy 
and Fermi as an advisory committee on the design and development of implosion 
initiators. NJe^s Bohr met with this committee when he vi3ited Los Alamos, and 
members of the committee kept in close touch with the Initiator Group and with 
the Radiochemists. 

9.12 Early in March 1945 two new organizations were created, with the 
status of divisions - the Trinity Project, and the Alberta Project - one to be 
responsible for the test firing of an implosion bomb at Trinity, and the other 
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to be responsible for integrating and directing all activities concerned with the 

combat delivery of both types of bombs. The Trinity Project was led by Bainbridge 

with Penney and Weisskopf as consultants* Project A was led by Captain Farsons 

* 

with Ramsey and JJradbury as technical deputies. The work of both of these projects 

H discussed in later chapters (XVTII and XIX). 

9«13 The last division created alcaost at the end of this second period 

of the laboratory's history was Z Division under J. P, Zacharias, who came to Los 

Alamos from the MIT Radiation laboratory in July 1945* The new division was 

intended to carry out an engineering and production program, chiefly concerned with 

airplane and ballistic problems, to replace the program which had been carried out 

at IVendover Field, Utah. The Project had by this tine acquired a small airfield 

of its own near Albuquerque, formerly an army base called Sandia; w^s to be 

assigned its own planes and also had the use of the large army base at Kirtland 

Field near Albuquerque. Although planned at a time when a prolonged program of 

* • 

manufacture was thought necessary, the new division was barely organized before 

the war ended. 

Liaison 

9*14 Many of the problems of liaison which had proved so difficult 
in the first period of the laboratory's history (3*1-2 ff) had been solved or were 
no longer major problems by the time of the general reorganization. Liaison with 
the Army and Wavy became increasingly important as designs were frozen, actual 
airborne tests became necessary, -~nd preparations were made for combat delivery. 
Details of this will, be discussed later (Chapter XIX). 

■ 

9.15 The principal liaison problem which existed luring the second 
period of the Laboratory's history was that with the Camel Project at the 
California Institute of Technology* The Camel project was created /is the last 
of a series of expansions of the laboratory in its transition from research 
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through development engineering to final bomb production. In the fall of 19V- 



Oppenheimer learned that the Caltech rocket project had almost canpleted its 
research and development program and was entering the stage of production. The 
group at the Caltech project combined high professional scientific ability with 
practical wartime experience in weapon engineering, and had moreover their own 
procurement* laboratory and field facilities. Since both manpower and facilities 
were becoming badly overstrained at Los Alamos, in November 19A4, Oppenheimer 
discussed with C. C. Lauritsen, head of the Caltech rocket group, the possibilities 
of collaboration between the two projects* The matter was discussed further in 
correspondence with Bush, Conant and Groves, and after some negotiations about 
contracts^ the Camel Project was formed. 

9 #16 The character of the work done at Camel was determined by the 
facilities existing there, by the experience of the staff, and by the stage of the 



work at Los Alamos at the time the' Camel Project began. Thus the Camel staff did 
no work on nuclear physics or the nuclear specifications of engineering? their 
work was confined to problems associated with the bcmb assembly mechanism and its 
combat delivery. Specif ically, their work can be classified under the two heads 
of implosion design and delivery. Under both categories wide use was made of 
Camel procurement facilities. Under the first category they did research and 
engineering of special components of the implosion assembly, detonators, lens mold 
design, impact and proximity fuzes and high explosives components. In addition tc 
these special programs carried out as a division of labor with Y, Camel had its 
own general implosion program,. This was set up at the time of the final "freeze" 
at Los Alamos in April 1945, when a shortening time schedule forced the abandonment 



bomb (10.11 ) with a modulated initiator was adopted as final by Los Alamos, while 

it was dec Med * hat Camel would carry out a star.dbv rro -;ran. , The Camel :?ivud 



of alternative lines of implosion development . 
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outer high explosives component from that at Los Alamos. This was later clanged 
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f This program involved construction of a special high explosives casting 



plant, which was also regarded as a standby in case of disaster to the Los Al 
S Site plant. Camel work on weapon delivery covered the production of implosion 
bomb mock-ups, of "pumpkins" (bomb mock-ups loaded with high explosive, and 
intended for eventual practice bombing of enemy targets) with special impact 
fuzes, and included a special program of drop tests. The drop test program 
•paralleled the Los Alamos program at Wendover and Sandy 3each (14.20), and 
provided data, for example, on bomb ballistics. 

9.17 The main line of liaison between the two projects was between 
Oppenheinier and Iauritsen; reports were exchanged and personnel made numerous 
trips for consultation on specific subjects. Lauritsen spent part of his time at 
Los Alamos, where he was a member of the Cowpuncher Committee, whose responsibility 
it was to push through the many-sided implosion program on schedule'. - In March 
and April 1945 there were extensive discussions of the joint Camel-Los Alamos 
implosion program. In addition to clarifying the technical aspects Of the 
program, it was agreed that there was a mutual lack of understanding of the 

.. nature of the responsibilities of personnel at both sites, that provisions for 
exchanging information were inadequate and that better liaison was needed. As a 
result of these discussions a CIT liaison office was established ae part of the 
Director's office at Los Alamos with LfcsMillan specially responsible for coordina- 
tion. Hail service was improved, teletype connections were established and event- 
ually regular airplane schedules established for freight and passengers between 

t "Kingman", ('.Vend over Field, 19.2), Los Angeles, Inyokern (Camel's field site), 
Janta Fe, Jandy Beach (14.20) and Albuquerque. 
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Administration 



9. IS In July 194f> the administration of the laboratory was organized 



into the following groups: 

A-l Office of Director 
A-2 Personnel Office 
A-3 Business Office 
A-4 Procurement Office 



D. Dow 

C. D. 3hane (Assistant Director) 
J. A*' D, L'uncy 

D. P. Mitchell (Assistant Director) 



A-5 Library, Document Room C. 3erber 

A-6 Health Group °Dr. L. H, Hempelmann 

A-7 (absorbed in Groups A-l and A-9) 



A-g 3hopa 

A-9 Maintenance 



A- 10 Editor 



A- 11 Patent Office 



A-12 Safety Office 
Office of Director 



S. A. Long 
J. H. .Viiliams 
D. R. Inglis 
Major R. C. Smith 
S. Kershaw 



9*19 The office of Dow, Assistant to the Director," handled a variety of 
administrative duties of a. non-technical sort. One of the most important of these 
continued to be that of construction liaison between the using technical groups 
and the Post Operation Division which handled construction (3.122) . During the 
fall of 1944 increased consumption caused a number of power failures, and solution 
of this problem was the responsibility of Dow's office. Eventually power was 
increased by tying-in with the Albuquerque line. Another responsibility of this 
office - shared with the Personnel Office - was the preparation Of employment 
contracts for staff members on leave of absence from academic institutions. The 
first of a series of these was prepared in September Y)kL, covering six months and 
extending to the beginning of the next academic year if the project terminated. 
Dow 1 s office also cooperated with the Business Manager's office in securing 




insurance policies for personnel. One of the latest of these, made available for 
purchase by University of California errloyees in July 1945, was an accident policy 
issued by the Indemnity Insurance Co. of North America, insuring "against bodily 
injuries caused by accidents and arising out of and in the course of the insureds 
duties in connection with war research undertaken by or on behalf of the 
contractor* 1 . Unlike previous Manhattan District Waster Policies (3*65), this one 
insured against certain aviation hazards, which were important because of the 
expanding test program. 
Personnel 

9»20 Abandonment of the Plutonium gun program in the general re- 
organization of the Laboratory (9*1) released a number of chemists and physicists 

i 

but these were readily absorbed into the newly strengthened implosion program. In 
fact a general expansion was necessary and Shane, Bacher and Long went on recruit- 
ing drives to the other projects of the District, As a result of their efforts a 
considerable group of civilian scientific personnel was secured from the 
Metallurgical Laboratory and from Oak Ridge, and a number of technical military 
personnel from the 3AM Laboratories in New York and from Cak Ridge. 

9.21 Personnel procurement was always hampered by the housing shortage 
(3*28), and the situation grew worse as the Laboratory continued to expand at a . 
rapid rate. The third section of the housing area was completed by McKee in 
December 1944 (3»12l) it was tentatively determined that no additional multiple-' 

unit housing would be constructed. A policy had to be. established that employees 
should be housed whenever as a class they could not be procured without housing - 
specif icallay this included machinists, scientific personnel, essential administra- j 



ive personnel and sixteen technical maintenance men (3#119)* An effort was mr-^ 



to relieve the shortage by encoura,:iii.f; machinists to cor.e .without their f amili 
La exchange for a bonus jayrwrit . A nu: > r of additional dor.riitor.I~:; were nuilt, , /) 
but th-r solution w--.' : : net m -jd** ^at*. '9.46) . 




9.22 Salary policy remained one of the 

4 

difficulties. Although a working agreement was rea 
Officer in July 1944, it was not a final one. The agreement provided that salary 
increases be limited to 15 per cent of the minimum range per year, and that not 
more than 25 per cent of all employees hired within a year might be hired at • 
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salaries in excess of the minimum of the ai 



scale. There were to be 



no increases in salaries over $400 per month. In January 1945 Sha^ie made an effort 
to remove the $400 restriction and proposed semi-automatic merit increases for 
persons in this category. After much correspondence a certain number of indivii^Ai 
increases of this sort were granted, and eventually the policy was changed to pi 
such increases as a regular thing. Also in January 1945 Shane requested that the] 
Project be granted an exemption from the 25 per cent hiring provision because of 
the special conditions of employment prevailing there. He pointed out that in 
determining the salary ranges of the original job classifications it was thought] 
desirable to use low minima and large ranges in order to permit employment of 



pers 



of .the 



qua 



by the Project. In the shops, 



especially, the nature of the work required a greater proportion of highly ski: 
workers than an ordinary production shop, and the assignment of relatively young 
and inexperienced enlisted personnel made it necessary to hire principally 'high: 
skilled civilians to fill the responsible' positions. The Contracting Officer 
agreed to make certain exceptions, especially in the case of shop personnel,. 
July 1945 the salary situation reached another critical point, this time copD< 
approval of salary increases. £ince March the Personnel Office had had 
in reaching agreements with the Contracting Officer on salary changes, sltb< 
they were fallowing the same rules which had been acceptable since thM 



July 1944. Shane requested that a conference be held and policies 
mutual agreement. :Juch a conference wis held late in July 1943. 
wjus reaped on a number of minor points, the main issues were a 
the ol"j of Y* w*-r Jliane resigned frc:;; his pcoHio-: -ts Vvr^ 
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Procurement 



9.23 The Frocurement Office was not directly affected by the 
Laboratory's reorganization, except that the volume of its work increased and 
continued to do so until shortly before the Trinity test (see graph 7, Appendix 1). 

9.24 In October 1944 the Property Inventory Section was established with 
Capt. W. A. Farina in charge, Capt. Farina was responsible for making a physical 
inventory of the Laboratory, for revising the Procurement Office's record system, 
to make it compatible with War Department regulations and for advising the 
University concerning government property policy. The necessity for having an 
inventory made and for having someone at the site responsible for the account- 
ability of material had been discussed since the early days of the Project but 
always- postponed because of more urgent work. 

9.^5 By the end of 1944 the Ordnance Division had established its ewn 
special Procurement Group under Lockridge, and to avoid confusion it, was necessary 
to outline the responsibilities of each procurement group. Mitchell continued to 
be responsible for all stock catalogue items. Lockridge w:.s responsible for all 
fabrication jobs involving machine shop work and mechanical assembly, and either 

♦ . ; . 

Mitchell or Lockridge could place orders for fabrication jobs involving chemical 
and metallurgical techniques, plastics and electrical work. In the la3t case, to 
avoid duplication, the office making cut the requisition v/oulJ notify the other 
office, "uch of Lockridge f s purchasing was done through special channels rather 
than through the University purchasing office in Los Angeles, but he worked in 
close cooperation with the office of Col. Stwart. \ considerable proportion of 
Lockriige's ordering was done from the CIT project, and also from fj. Chadwick of 
the Detroit Office. 

9»26 In April 1945, the time schedule for the Trinity te'-t had become 
exacting, and the number of urgent purchase requests increa ;e-:I r.ipi U.y, so rapidly 
that it . became necessary to inflate the ur^ncy rat.'.ng:; v/hic; n*-» '.r. : ;s<-. 
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Up to that' tine the Procurement Office had used four ratings - X, A, B, and C, in 
order of decreasing priority* Early in JZay Mitchell announced that the "super" 
rating of urgency X would be subdivided into three - XX, XI, and X2. XX priority 
could be used only if failure to obtain the material would produce a setback of 
major importance in the overall program of the laboratory, and authorized the 

i 

Procurement Office, through the Washington Liaison Office, to have recourse to the 

highest authority of the "flPB and of all government agencies, and to use a special 

dispatch or cargo plane from anywhere in the United States for delivery, 

9.27 Delayed deliveries on a number of urgent requests led Oppenheimer 

to call a meeting in May to review the procurement situation. One of the 
* 

principal reasons for the delays was found to be the shortage of personnel in the 
Los Angeles, New York and Chicago Purchasing Offices., Although the nurber of 
requisitions had increased greatly, there had been no increase in the number of 
buyers since January 1944* The Contractor's representative Underhill blamed the 
lack of adequate personnel on salary restrictions. As the result of this meeting, 
additional personnel was secured for all three Purchasing Offices, the Contracting 
Officer agreed to permit salary adjustments, direct c cmnunicat ion was established 
between the Project and the New York and Chicago offices and project members were 
requested to submit improved drawings and specifications. There was a considerable 
effort to improve service as a result of this meeting. 

•9.23 While the number of purchase requests reached a peak in "ay, the 
amount of goods handled by the main warehouse of the Procurement Office reached 
its peak in June. Some notion of the quantities involved may be had from the 
following figures: During May, the Warehouse handled an average of 35 tons per 
day (89% incoming and 11# outgoing): During June the daily average rose to 54 tons 
(S7% incoming and 13:^ outgoing): and during the first half of July it was UQ tons 
per day (.'-0.9 incoming and 20 £ outgoing) • Outgoing goods, chiefly for m rinity and 
'-•vr-r^-.ij shir r «r t s , we re lundlv J by the y ing Oroup which vn s or.-:\nisrd in the 
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Health 

/ \ ' " 

^ 9.29 During the second period of the Laboratory's history, the 

problems of the Health Group became progressively more numerous and more complex, 

as the number of persons exposed to radiation and radioactive materials increased. 

9.30 In August V}hh f following an accident involving plutonium (3.97), 

members of the Health Group and the Chemistry and Metallurgy Division expressed 

the dissatisfaction which they had felt for some time with the progress of 

biological studies on plutonium at other projects. Permission was obtained from 

the Director to undertake a research program at Los Alamos to study the biological 

problems of Special interest to this Project. This program was begun by a group 

of chemists under the direction of a steering committee consisting of Kennedy, 

Wahl, and Hempelmann, with the primary purpose of developing tests for detecting 

overdosage of personnel with plutonium. Up to this time it had been necessary to 

rely on "nose counts" (filter paper swipes of the nostrils) to indicate exposure 

of personnel and these gave ofily a qualitative idea of the amount of material 

inhaled. For a more quantitative test it was thought necessary to determine the 

amount of plutonium excreted daily in the urine, and also to determine the amount 

present in the lungs* A satisfactory urine test was difficult to develop because 

, -ID 

of the small quantities of plutonium involved ( ~*1Q micrograms per liter of 
urine), and^b^pause of the difficulty of collecting specimens free of alpha 
contamination* A successful method of analysing urine was developed in January 
1945j but was not used as a routine test until after the first human tracer 
experiment (Appendix 7 > No. 31 ) had been performed in April. Because of the 
difficult time— consuming nature of the urine test, it was impossible to do 
frequent examinations for any individual, and a system was worked out by which the 
persons most heavily exposed, as indicated by nose counts, had the most frequent 
^) examinations. A satisfactory method of detecting plutonium in the lungs was not 

developed. 
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9»31 lack of adequate rr.onitorin^ equipment continued to be a problem 

r \ 

/ ' for some tine. Instruments supplied by the Chicago laboratory did not at first 

meet specifications of this laboratory, and the development of equipment, begrfin 
in May 1944, by the Electronics Group of the Physics Division, continued for 
several months, A proportional counter of adequate sensitivity was developed 
by this group, 

9*32 With the reorganization of the laboratory* in August 1944, the 
Monitoring and Decontamination Section of the Chemistry and Metallurgy Service 
Group was reorganized and part of its personnel and part of its function trans- 
f erred to the Health Group, The division of responsibility between the Health 
Group and the Monitoring and Decontamination Section did not prove satisfactory, 

v. 

t and in January 1945> a new group was organized which would have full responsibility 

for the entire alpha contamination problem of the Chemistry and Metallurgy Division 
William Hinch, formerly of the Metallurgical Laboratory, became leader of this 
group in April 1945, and assumed responsibility for developing new methods of 
monitoring and decontamination, arranged to procure monitoring instruments from ; 
Chicago and added an electronics section to maintain existing instruments. The 
large quantities of plutonium produced at Kanford began to arrive during April 
f (see graph 13 ), and one of the new group's most important functions was that of 

adapting existing facilities for processing plutonium to meet safely the increased 
demand upon theni. Except for a short period early in July the facilities proved 
adequate ♦ At that time the Plutonium Recovery Group handled excessive amounts of 

i 

plutonium, and urine analyses showed that four persons had in their bodies more \ 
than the one microgram of plutonium considered safe. As large amounts of materx 1\ 
arrived and people began to worry about the accidental bringing together of crit 
amounts", a policy of quantity control was inaugurated in which any transfer of 
material frcm group to group had to go t) -rough a record office, 2v* ntu--.liy DP 
site was built (17.72 ff) 1-1/2 miles from the rest of the Technical Area to 
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minimize the many dangers of this work, especially that of fire. 

9»33 The polonium hazard, though parallel in many ways to the plutonium 
hazard, never became as serious a problem for the Health Oroup, Mo research was 
done on the subject at Los Alamos, but routine urine tests were done on all 
exposed personnel in accordance with the standards of the Manhattan District 
Medical Section, Polonium is not so dangerous as plutonium per unit of radio- 
activity even though it spreads around a laboratory very readily. Health group 
records indicate that only two people exceeded temporarily the tolerance limit for 
'polonium excretion* The typical costume of a worker with plutonium or polonium 
included coveralls or laboratory smock, rubber gloves, cap, respirator, shoe 
covers and often a face shield. • All of these items were worn only once and then 

■ 

laundered. The following figures give some notion of the magnitude of the 

decontamination problem. In July 1945 when personnel in CM Division approached 

400, 3550 rooms were monitored, 17,000 pieces of clothing were laundered, 630 

respirators were decontaminated and 9000 pairs of gloves, of which 60 per cent 

were discarded. In June 1945 decontamination of laboratories was made the 

responsibility of the laboratory workers themselves. To this end they were 

instructed in cleaning procedures and methods of detection, 

9,34 The hazards of external radiation which had been negligible and 

confined largely to accelerating equipment and radioactive sources in the early 

period of the Project became more critical in the fall of 1944. At that time 

three potential sources of danger appeared - the water boiler and later the power 
f 

boiler, the implosion studies of the fiala Group and critical assembly experiments . 
Operation of the power boiler resulted in several instances of mild overexposure 
to radiation caused by leaks in the exhaust gas line and one serious exposure 
of several chemists during dec onUu.i rv.tion of active material. The implosion 
studies of the Rala Group which used largu amounts of radioactive barium and 
la.nth.anum brought a serious situation which the health group mcnitoreu constantly, 
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A series of accidents and equipment failures caused considerable overexposure of 

D 

tfoe chemists in this group ♦ This condition persisted for about six months until 
the system of remote control operation was finally perfected (17.51). The most 
serious potential radiation hazard was that of the critical assembly experiments, 
and here the Health Crroup had no responsibility, except that of bein^ sure that 
the men were aware of the dangers involved. These experiments were especially 
dangerous because there is no absolute way of anticipating the dangers of any 
particular experiment, and because the experiments seem so safe when properly 
. carried out that they lead to a feeling of overconf idence on the part of the 
experimenter. Two serious accidents resulted from the critical assembly work 
during this period of the Project's history - one of them resulted in the acute 
exposure of four individuals to a large amount of radiation and the other resulted 
in the death of one person. 

9.35 The Health Group made extensive reports of the radiation hazards 
caused by the Trinity test, and these are discussed in a later chapter (Chapter 

mil). 

9»36 With the rapid expansion of the laboratory tliat began in the fall 
of 19kU 9 the Health Group found itself understaffed and unable to maintain personal 
contact with all the individuals engaged in technical work. Consequently its 
records of external radiation dosage to personnel became less accurate. This was 
particularly true in the cases fyhere the radiation hazards were not serious and 
did not change frequently and where experiments using natural sources were 
performed after transactions which involved transfer of these sources from one 
person to another without the knowledge of the Health. Group. This was not true 
of groups where exposure to external radiation was prolonged or severe. There are 
also instances where blood counts of exposed personnel were not made or were made 
, less frequently than desirable, Largely because of poor cooperation of personnel. 

Complete radiation and hematology records are valuable chiefly : \s lega 1 evidence 
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in case of future claims against the Project, It was the policy of the Health 
Group, in cases where lack of trained" personnel did not permit meeting all of ite 
obligations, to do jobs in the following order of priority: 1* Procedures which 

i 

t ■ * 

aotively protected personnel against industrial hazards, 2, Accident reports 
or termination records for persons leaving the Project, 3* Records or reports 
of routing exposure, hazards, etc. 
Safety . 

9«37 safety problems of the Project were handled entirely by the 

. '- 

Safety Committee until early 1 in 1945 when the conmittee advised the Administrative 
Board of the need for a full-time safety engineer to execute the policies devised 
by the committee* At about this time Mitchell resigned as; chairman of the 
conmittee because of his increasing responsibilities as Procurement Division 

i a 

Leader and was replaced by David Liptrin. At the end of . February the Project . 
hired Stanley Kershaw of the National Safety Council to be full-time Safety 
Engineer, and on March 1 established ^the Safety Group to parallel the function of 
the Health Group, The Safety Committee continued to meet regularly as an advisory 
bo4y to guide in the formulation of the Projects health and safety policy. A 
conference held in May established a division of responsibility between the Post 

r 

Safety Section and the Laboratory Safety Group, The Safety Committee recommended 
safe procedures and the Safety Group assisted in carrying them out; but basically 
the group arid division leaders were responsible for the safety of the work done 
under their supervision. Neither the Health Group nor* the Safety Group was a 
"policing" agency, but relied largely on the cooperation of technical employees, 
A safety manual was issued in July (Appendix 7 , No* 32) as a guide for accident 
and fire prevention regulations for the Project in (accordance with standards 
approved by the various division leaders • 

Shops .... 

9.3# At the time of the general Laboratory reorganization in August 
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1944, both C and V shops were combined under the supervision of Long and Schultg. 
Peters was promoted tojbe superintendent of C Shop, and Henry Brockman became 
superintendent of V Shop. The reorganization of the laboratory was coupled with 
a rapid expansion of the new divisions to several times their initial size, and 
entailed a corresponding increase in the volume of shop work. Additions to C 
Shop of 3500 and 3300 square feet had been built in May and July, but the 
recruiting of competent personnel was going very slowly, Hh* personnel problems 
of the shop, particularly those of salary adjustment, had been presented to Shane 
on his arrival in June as Fersonnel Director. Shane reported to the Governing 
Board in August the results of an extensive survey of the shop situation. He had 
found a bad morale situation in the shop resulting from salary inconsistencies, and 
proposed to remedy this by salary adjustments and by releasing certain men whose 
work was below standard. In order to fill these vacancies and increase shop 

■ 

capacity rapidly , he proposed an extensive recruiting di*ive by army and shop 
representatives. Such a recruiting drive was undertaken on a large scale, ear3y 
in November, after one unsuccessful attempt to obtain the needed machinists by less 
drastic methods. This drive was carried out simultaneously by six teams of amy 
and shop representatives; its results can be seen from the rapid increase of the 
number of man-hours per month in graph number 9* 

9.39 During November and December the shop situation was improved 
considerably as the result of a more consistent salary adjustment and employment 
policy. For the month of December 1944, a peak was reached, for C sKop, of 
25,000 man-hours. 

9.40 On January IB, 1945, part of the roof of C Shop was destroyed by 
fire. This fire started in the heat-treating shop where a large piece of metal 
ignited the tank of quenching oil in which it was being dipped. The fire traveled 
rapidly and spread to about half of the shop roof before it could be controlled. 

9.41 The loss in shop hours is indicated in graph number 11* Part of 
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thi3 loss was absorbed by increasing the load in V Shop. Estimate* at the time 
were that not more than a week vras lost. Some machines were in operation within 
two days after the fire and major construction repairs were completed within a 
month of the fire. The 'longest delay occurred in the repair of heat-treating 
equipment; because of difficulty in obtaining heavy crane parts from the 
manufacturer, this equipment was not in operation until the end of March. 

9.42 In February a second recruiting drive took place, more successful 
in the calibre of men obtained* The recruiters had more experience than in the 
first drive, and found a better labor market* As a result of this drive the 
number of machinists rapidly approached the limiting figure determined by shop 
capacity; the actual peak was not reached until the end of June, when the two 
main shops employed, on a two shift basis, 446 men. 

9«43 The rapid increase of shop loada in the fall of 1944 and spring 
of 1945 reflects the transition of the Laboratory from research to development and 
production, and its rapid expansion after the formation of G and X Divisions. 

9«44 Some mention ha4 been made above of morale problems in the Shops. 
In addition to the difficulties arising out of salary inequalities, the shop 
situation was complicated by the mixture of enlisted and civilian machinists, and 
by the quality of housing and oanrainity facilities which the civilian recruits met 
oft their arrival at Los Alamoe* 

oma] 

the SED beginning in June 1944, when the shops were falling behind and eivilian 

' • ■ . * ■* 

machinists became increasingly hard to find. As a group these men were excellent, 
perhaps slightly superior on the average to the civilian group. Ihey should be 
especially credited for the quality of their work, in view of several obvious 
sources of irritation. These men worked the 54 hour week which prevailed in the 
shops, whereas other enlisted men worked the 43 hour week standard in the 
Laboratory generally. The disparity of income between enlisted and civilian 



9#45 Machinists and toolhakers already in the army were secured through 
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co-workers was greater in the shops than in other parte of the Laboratory. The 
spirit of cooperation, in research, possible in other parts of the Laboratory, was- 
largely missing hire. It was only here that any obvious cases of personal frictioE 
developed; these were not of a serious nature, but they occurred. 

9.46 Among the civilian machinists recruited in November and February 

i * 

there was a serious morale problem. The housing of these men with their families 
wouM have represented a major investment in housing at a time when the project 
had presumably not long to run. It was therefore decided by the military 
authorities that the men recruited would have to be housed in dormitories, leaving 
their families behind. For this they were paid $100 per month above their salaries, 
and promised return expenses if they remained for more than six months. The 
dormitories constructed to house these men were less comfortable and attractive 
than other dormitories. Complaints centered about housing, about mess facilities 
and recreation facilities. Although Col. Tyler, the Coananding Officer, made 

s 

great effort to improve this situation, it could not be 'radically altered. After 
a short time a number, of trailer houses became available, to which, however, only 
a small percentage of the men could be assigned. 

9.47 A tabulation of resignations and dismissals was made in January . 
1945. Of 219 men recruited in November and December, one^third had left by thie 
tine. Of these well over half had resigned ostensibly because of the conditions 

of life at Los Alamos. There is no doubt that some of the annoyances were consider- 
ably magnified. As a group these men were brought only into the periphery of the 
community. They viewed the Project as one among many possible war jobs, and had 
little reason to do otherwise. The majority, who did their work well and remained 
with the Project, nevertheless felt with some justification that they were discrim- 
inated against by the Contractor and the community. 

9.4# From the second recruiting drive in February, 1945 , there were 
definitely fewer casualties. Men were more carefully selected and facilities at 
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Los Alamos had been improved. To help ease the work r load f shop facilities at the, 

* 

t 

Metallurgical laboratory were used to some extent beginning in the spring of 1945. 

9*49 During thie period several difficult technical problems were 

> 

encountered* One had to do with the machining of full scale explosives castings 

4 

(16.31)# Responsibility for the design of tools and fixtures for this work was 
assumed by long and 3c holts in the spring of 1945* They were responsible also for 
the accurate gauging of full-scale castings* 

9*50 Another example was the construction and use of molds for high- 
explosive lene easting* (16.44)* Qfcteide firms to which this work was first assign 
were unable to carry it out* She shop* suggested changes in design, worked out the 

* * 

techniques for producing molds and sent representatives to outside producers to 
teach them the necessary techniques. 

-it t, .. . "- ' , 4 

9#5X Several difficulties of a technical nature were encountered, at 

* */ * • 

Los Alamos as at other sites, in the machining of uranium. It constituted in the 

first 1 place a minor health haiard* that of normal heavy-metal poisoning* Uranium « 

' i .. _ & - •^sj^^ciMHu. j^* *i ** * J *i ' J Jl% i _i A^^^M^sma^Me *eAi** ^n** ^^*^^-^^a 

WiSSS^^ Out from the beginning In a special shop f under the direct 

superviaiour^of SchultB. It was moved from a small annex to the cryogeny building 
to th# spring of l^U* to a epeeiat enclosed region in C Sho p. fi jCtne spring of 

1945 it was acved to a new building ofita own. The most serious technical' problem 

« * * * 

in machining uranium was not encountered until the mass-production of tamper 

assemblies was begun in July 1945 after the Trinity test. Then it w&s discovered 

that after machining the pieces warpe4 rather seriously with age, Thie problem 

had been noticed in other parts of the Manhattan Project, but had not been solved 

for the particular shapes of importance at Los Alamos* ' It was not completely 

solved by the end of the period reviewed. 
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THg PBilOP ADGUST 19A4 - AUGUST 1945 
TECHNICAL REVigr 

Introduction . 

1J0.1 As the previous chapter will testify, the growth of the 
laboratory, plaint and program during the period reviewed was determined primarily 
by the urgency and. difficulty of the Implos ion program. The statue of that: 
program at the end of the previous period has been outlined in Chapter IT (4*46* 
4»$3) • By comparison of this situation with that existing in July - 1945v when 

; v-- v .. : . • ."• * f . . '•' ^-V:^'-,. '^.V, ';• ".: . • .• • ' • . - -;v. * :V-v 

the first implosion bow was tested, and foun4 successful, it is clear thai by 

the latter date a major technological victory had been won. The period reviewed, 

. /, .. . • • -. ' ' - v ^ • ' v..* - 

however, it not completely def ined by that victory. The success of the Trinity 
test was possible only in the f lowing together of sev«ral parts of the laboratory 

Work. The success of the combat missions over Japan, moreover, presupposed that 

• ; ^ , , •< - •. *v.-,; v: - ' •. " ^ ^< v< . -V .y^Wv- ' ' < - v . ^ 

ef , the entire delivery pr ogram. , Finally^ at must hot be forgotten that the first 

atomic weapon was the, "Little Bey? gun assembly, developed during this period 



largely by a single group. Because it was relatively smaller and more straight- 
forward than the implosion, ifce accomplishments will be reviewed first* 

< OunProgram ♦ i t : \ 'J . 

• ,-.'..y, ; - : - ."V-. "" ■'' " . , - v ••. 

1D # 2 During this last year of the war the gun program was consolidated 
under one group, the Gun Group of the Ordnance Division. Thia group completed 



the design of the fun assembly, tested its components at reduced and 

full scale, undertook their final engineering and procurement, and after an- 
elaborate prograa of final field and drop tests produced a weapon more certain 
of high-order operation, without having been tested, than the more radical 
implosion design tedted at Trinity. During the earlier period of the Laboratory 



X-2 

the possibility of a implosion bomb had not been ruled out. With the 

acquisition of accurate means of calculation and reliable cross section data, 
it became evident that such an implosion would be considerably less efficient 
than the plutonium implosion. This fact, added to the uncertainties of the 
whole implosion program, made it 3eem desirable to plan for the use of U^35 by 
the gun method alone. Toward the end of the war the possibility of composite 
(U 2 ^^ ^39} ^plosion bombs was considered (ll # 2, 20.2). By the time of 
the "freeze" of the Laboratory program in February, 19U5 (11.16), the decision 
was final to use only in the gun model. 

10.3 This quiet and efficient group continued at the center of an 
affiliated program in the Research Division, the Theoretical Division, other 
groups of the Ordnance Division, and in the Alberta Project (Ch. XIX). From 
the Research Division, Group T-2 was able to obtain information on the nuclsir 



properties of /sufficient to provide accurate data 



for critical mass calculations and calculation of the amount of material that 

could be safely used. From the sphere multiplication experiments of R Division 

a still more accurate calculation of the critical mass could be obtained, by 

extrapolation. The gun was "mocked" by the model experiment in the same division, 

and this provided an integral check of the calculations of the performance of the 

weapon, including predetonation probability. The finished projectile and target, 

finally, were brought to the critical point by the Critical Assemblies Group of 

G Division shortly before shipment to Tinian for combat use. This assembly was 

a final check of the accuracy of predictions as to the- point at which the system 

would become supercritical. Reliable efficiency calculation was made possible 

by theoretical and experimental estimation of the initial multiplication rate 

*. 

of the fully assembled bomb. 

10.4 The fabrication of the projectile and target was the responsibility 
of members of Groups CM 2,7, and 11 of the Chemistry and Metallurgy Division. 
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Fabrication included the forming of the active material into pieces of proper 
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casing that housed the target. The development of the initiators used to assure 
an initial neutron source was the work of tl^e Gun Group in collaboration with 
the radiochemist3. The final design of the outer case, originally the responsi- 
bility of the Engineering Group of the Ordnance Division, was almost entirely 
transferred to the Gun Group during this period. Responsibility for the fusing 
and detonating system remained with the Fuse Group of the Ordnance Division, The 
Gun Group and the Fuse Group collaborated in the drop tests of the "Little Boy" 
carried out as part of the program of Project AUberta. 
The Plutonium Bomb 

10*5 At the beginning of the period. under discussion the hope for a 
successful implosion was so low that F Division was given the responsibility, soon 
after its creation, of investigating even the slim possibility that as an altema- 

p 

tive, an autocata lytic system of assembly utilizing plutonium might be found 
meritorious. The desirability of such systems was not immediately "evident and in 
the meantime the Weapon Physics Division, the Explosives Division, and the Theore- 
tical Division were preparing themselves for a direct attack on the implosion 



10.6 Prediction based on the analysis of Clinton plutonium led to the 

— - "" /"~ZZZ ~"7 

expectation that the Hanford plutonium would produce/ DflMfTOIeutrons per second 

impurities would produce additional neutrons, but purification would keep this 
contribution small compared to that from spontaneous fission. Only the implosion 
would be fast enough to assemble the plutonium in a time short enough to avoid 



10.7 The "direct attack" on the implosion problem included the 
continuation of small scale implosion studies in the new X Division, with 
particular emphasis on interpreting the causes of jets and irre< 
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including the careful investigation of the source of . timing errors in multl- 

i 

i 

-point detonation and their contribution to asymmetries * The first lens test 
shot was fired in November, 1%4. In the meantime G Division was getting under 
way its many-sided effort to examine the implosion experimentally, was beginning 
work on electric detonators, and was planning the hydride critical experiments 
as a step to eventual critical assemblies of active metal* At the same time 
the Theoretical Division was completing its studies of the "ideal" implosion 
(which began with a spherically converging shock-wave), and was turning its 
attention to the theoretical interpretation of the jets and asymmetries that 
had been found in less— than-ideal experimental implosions. 
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10,10 In the Explosives Division means for prjsve nting the developme nt 
of irregularities were under investigat ion.^ 
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Thus although there was as yet no sure path to success, hopeful directions 
of development had been marked out. 
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10.16 At the end of February, 1945, a conference was held at loe 
Alamos, with General Groves present, at which it was decided that the time had 
cone to freeze the program of the laboratory in order to meet the July deadline 
for the first banb test* At this conference it was decided to concentrate all 



further work on the solid core lens 



tion with a modulated nuclear 
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10.17 At the same time a detailed schedule of all implosion work 
q $~ was decided upon, j 
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) By April 2 full 




scale lens molds had to be delivered and ready for full scale casting. Pull 
scale lens shots had to be ready by April 15, to test the timing of mult: 
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£>' electric detonation. Hemisphere shots had to be ready by April 25. The 
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detonator 
l 

March 15 
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to come into routine production between 



By the latter date large scale production of lenses 



0 



for engineering tests had to be begun. A full-scale t£st, by the magnet 
method, had to be made between April 15 and May 1. Aill scale plutonium spheres 
had to be fabricated and tested for their degree of criticality between May 15 - 
and June 15. By June 4 the fabrication of highest-quality lenses for the 
Trinity test had to be under way. The Trinity sphere fabrication and assembly 
should begin by July 4« 

10. IS To meet the stringent requirements of this program, the 
Cowpuncher Committee (9*6) was set up March 1, to "ride herd" on lt^T 
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The feasibility of a' modulated initiation was 



accepted AprjT j7« D8UTCD Jlfff ^Tff* \ 




r -^£^ ^^Full scale lens molds were completed in May, after innunr.e rable 
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rocurement delays # Timing measurements of lenses were made with successful 
results^Bit^tlj^ delayed * J 
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At the beginning of June 
the first "urchin" initiator ^ JK/U Ktp J fiHed with MUBTBD "^^T^ 
polonium. By June 12 two full scale plutonium hemispheres were tested for 
neutron multiplication, something over two weeks late. The delays referred 
to arose primarily because of the difficulty of procuring good lens molds 
on schedule. The result, was a shortenaoed time for final engineering tests. 
But the Trinity test was made, actually four days ahead of the target date 
- July 20, 1945 - assumed in making the above schedule. 
Theoretical & Experimental Physics 

10.19 During the period reviewed the Theoretical Division was able 
to bring to a successful close its earlier investigation of the techniques for , 
solving neutron diffusion problems with accuracy, reliability, and speed. The 
Division developed these techniques and similar refinements in the means of 
treating the other theoretical problems involved in the implosion and the 
nuclear explosion. It was therefore able to give realistic guidance to the 

last phase of the experimental program, to the final weapon design, and to the 

« 

preparations for the Trinity Test. In F Division the investigation of the 
Super continued at relatively low priority until the end of the war, when the 
freeing of men from other work made it possible to bring this work to partial 
completion. The results obtained indicated, in a convincing but not decisive 
way, that such a weapon is indeed feasible. 



10*20 The experimental program In nuclear physics was continued by 
Divisions R and F. In R Division the original program of differential 
measurements was brought to completion: Neutron number measurements, spontan- 
eous fission measurements , measurement of the fission spectrum and of fission 
cross sections, and scattering cross sections* Increasing emphasis was put on 
integral experiments , including tamper measurements and integral multiplication 
experiments, using solid spheres of In F Division, meanwhile, new 

measurements were made dr the deuterium and tritium cross sections, which 
Indicated a materially lower ignition temperature for tritium-deuterium mixtures 
than had been first obtained* The development of the high-power water boiler 
was carried through, and the instrument put into routine operation as a neutron 
source. Other work of the Division included cooperation with R Division on 
sphere multiplication experiments, and the preparation for radiochemical 
measurements at the Trinity test* 

10.21 In 0 Division the Critical Assemblies Group carried through a 

4 

I . j 

program of critical assemblies with uranium hydrides" of various compositions, 
and finally undertook the task of making metal critical assemblies with active 
materials to be used in the first bombs* 
Chemistry and Metallurgy 

10.22 The period under review saw, in the Chemistry and Metallurgy 
Division, the bringing to completion of full scale process and plant design, < 
and full scale plant operation for production of active and tamper materials 
of both the 

u235 

gun model and the Pu^^ implosion model bombs. In addition 
to this the processing and handling of highly radioactive materials was carried 
out, both for the RaLa implosion test program and the neutron initiator program 
(polonium)* As already pointed out the basic research program, plutonium 
purification, had already been solved on the research level by the time of the 
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discovery of Pu and the relaxation of purity requirements entailed by 
that discovery* The development of an efficient purification scheme viae 
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completed in the present period, as Were the necessary techniques of metal 



redaction and metal forming 
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10423 The work of the Chemistry and Metallurgy Division, .which 



In addition to the main program outlined above continued . to do a;" great vari< 
. of service work for, other, divisions . was hampered by > serious: hasards tof ^ * ■* 
| . personnel r if rdm plutonium and polonium toxic it/j and developed an elaborat 
^ ' '• ; , system of /monitoring buildings and examining ^employees « ^ a 5Ehis health control 
I ?: : : work was; hampered by increased crowding of , facilities,- until neW ^iant fac*" 



v\:v^ .were ;n»de; Availabl#^. ... -.^f&tC^C - 

^ ; The * Trinity .Test ^->;, v.: ^^^-^'vis • 



i 10;24 The planning of the iriMte jfast became '•''»y'hl|Bfprio9?ity..p: 



been 



in t^; fn<l 



ir# cbpj|iruct: 
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g under way in March," there was a vast amount of work still; to- be;rdbh*> in p^ne*^;^ 
; ning and instrumenting the great variety of mec|i«inical^ opticaL and ;Bnclear^ ^ >" 



records that had to be obtained* T Several square miles 1 of desert -became the 
habitat of ia complex laboratory^; tied : together : . in one vast system by thousands? >> 



of miles of electrical wiring 



; 10,25 The first aim of the Trinity project was the rehearsal shot; Of 
100. tons of high explosive that took place early in May* ; This provided a test , 



of the organisation for the final shot, and gave data for the calibration of l-C, M -'^ 



blast measurements « 
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10*26 The information gained from this trial run proved valuable 
for the -larger Job ahead* As the July deadline of the test approached. Larger 
and larger contingents of personnel arrived from Los Alamos to make ready the 
equipment for firing the bomb, for recording measurements of blast and shook, 
of spectjpgraphic and photographic information, and of nuclear data* The two 
hemispheres of plutonium were delivered from Los Alamos on July 11, and 
assembly of the high explosives began July 13* 

10.27 The first atomic explosion was set off on the morning of 
July 16 after weeks of intensive preparation, and hours of tense waiting to 
see if the weather, which had turned bad the night before, would Clear* The 
event can hardly be summarized more concisely than in 18*26 - 18*28. 

10*28 With the impressive success of the Trinity test— whose yield 
certainly exceeded the expectations of most people, and was soon estimated to 
lie in the range 15,000 - AO, 000 tons of TNT— the machinery of Project Alberta, 
the overseas mission, began to operate* Since the history of this project is 
largely an account of its test program, its liaison arrangements and general 
administration, the present technical summary ends with the successful 
completion of the Trinity program* 
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Chapter XI 

THE THECR^nCAL DIVISION 

Introduction 

11.1 During the second period, from August 1944 to August 1945, . 
the Theoretical Division took part in the general expansion of the Laboratory 

to the extent of increasing the size of its groups, and adding three new Groups, 
In comparison with other divisions it had relatively little administrative 
history. It was not seriously involved with the general laboratory problems 
of personnel, construction, transportation, nor was it involved except in an 
advisory way with the complicated procurement and scheduling operations of the 
Trinity test and Project A. It was therefore able to administer itself and 
do its work rather unobstrusively . Nevertheless it was an essential part of the 
final development program. As it gathered power from its earlier work, it was 
able to handle more realistic and complex problems with increasing efficiency, 
and to gain ih creased understanding of the difficult hydrodynamical questions 
involved in the implosion and the nuclear explosion, to refine its earlier 

calculations concerning critical masses and efficiencies, and to provide reliable 

f r «* 

interpretation of many integral experiments. 

11.2 The Group Structure of the Division by August, 1945, was as 

follows : 



T-l. 


Implosion Dynamics 


R. E. Peierls 


T-2. 


Diffusion Theory 


Robert Serber 


T-3. 


Efficiency Theory 


V. F. Weisskopf 


T-4. 


Diffusion Problems 


R. P. Feynman 


T-5. 


Computations 


D* A* Flanders 


T-6. 


IBU Computations 


E. Nelson 


r-7. 


Damage 


J. 0. Hirschf elder 


T-8. 


Composite Weapon 


G. Placzek 


11.3 


Group T-6 was added in September, 


19 44, to operate the IBM 



Achillea, under 3. Frankel and £. Nelson. Frankel left this group in January 
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1945 to join the Theoretical Group of F Division. Group T-7 was formed in 
November, 1944* by a change of name. It was the Former 0-5 Group, already 
for practical purposes a part of the Theoretical Division, At the time of 
this formal change of status, however, the group was given the responsibility 
for completing earlier investigations of damage and of the general phenome- 
nology of a nuclear explosion. Group T-8 was added in Uay 1945 upon the 
arrival from Montreal of G. Placzek. The responsibility of this group was to 
investigate future fission bomb possibilities, specifically the levitated and 
composite core implosion, intended to use U 2 35 (with Pu 2 39) more efficiently 
than would be possible by gun assembly. 
Diffusion Problems 

11.4 Although by August 1944 the essential difficulties of the 
one-velocity diffusion problem had been overcome, even the most economical 
method (expansion of the neutron distribution in spherical harmonics) was 
still rather expensive. A very great simplificatiqn of these calculations 
was accomplished by Group T-2 in the Fall of 1944, when an analytical 
expression wa3 developed which by comparison with previously computed critical 
radii gave accuracies within l-2£. This method made use of simple solutions 
for the shape of the neutron distribution far from boundaries (such as the 
boundary between core and tamper), and then fitted these solutions dis- 
continuously at the boundary in such a way that the critical radius was given. 
From this time on, solutions for a great variety of critical radius or mass 
problems were proliferated extensively, and even reduced to nomographic form, 
permitting very rapid calculation, 

11.5 Throughout the period under review various groups in the 
Theoretical division, buf particularly T-2, were concerned with special problems 
arising out cf sphere, multiplication experiments carried out in R Division. / 

/ 

/ 
t 

i 
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These calculations had to take into account the variation of the average cross 
sections after the initial and each following collision of neutrons emerging 
from a central source. The number of neutrons coming out of the sphere as a 
function of the number of source neutrons was calculated for various size 
spheres and for various dispositions of the source. These calculations 
agreed very closely with the measured values; and as larger spheres of U235 
became available, it was possible to extrapolate to the critical mass with 
very high accuracy (12. 18-12. 23) . 

11 • 6 Critical mass calculations for the hydride were developed, by 
Group T-4j aa a means- of predicting the size of the hydride critical assembliej 
carried out by Group G-l of the Weapon Physics Division. When the first 
assemblies were made, a sizable discrepancy between the actual and the pre- 
dicted critical size wa3 found, of the order of 50^. Efforts to track down 
the cause of this discrepancy were partially successful; when newer values for 
the fission spectrum were used, the discrepancy was materially reduced. The 
conclusion was reached that the discrepancy arose from the sensitivity of the 
calculations to experimental errors in nuclear constants employed, and not 
from errors in the theory. This however was not certain, and some doubt was 
cast upon the adequacy of the methods employed. Hydride calculations, 
fortunately, were much more complicated than those for metal assemblies, and 
here the theorists had already demonstrated their ability to make accurate 
predict! ons. 
The Gun 

11.7 During the period under review relatively little new work had 
to be done on problems associated with the gun-assembly. Group T-2 remitted 
in charge of this work, and prepared final calculations of the expected 
efficiency, including the prede ten v..: on probability. In the latter calculation 
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*. 

U3e was made of the integral experimental data obtained by Group R-l from 
the gun model experiment (12.2M). 

* 

The Implosion 

11,8 By the beginning of the period discussed in this chapter, most 
of the calculations relating to the ideal implosion (starting with a converging 
symmetrical shock-wave at the outer edge of the tamper) had been completed, and 
it was possible to say that this part of the subject was almost completely 
understood. Implosion studies continued to be primarily the work of Group T-i. 
*K9 
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XI #14 The paragraph* above give a qualitative account of how the 
background was prepared, within the theoretical division, for the '•freeze" of 



0» 



design which occurred in February, 19A5. 
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11,15 These decisions, made only five ..months before the Trinity test, 
set several new problems for the Theoretical Division, Ifte first of these was to 
determine the effect of temperature on the course of the implosion* / 




The 



second was the question of proving the stability of convergent shock wave, \since 
it would be very difficult to get experimental information on the irregularities 
produced inside a solid core, it would be necessary to rely entirely on indirect 
evidence and on theory. The third theoretical problem of major importance was 
to provide specifications and to help design a modulated neutron initiator, 

11.16 On the first of these problems, the. effect. of shock-heating on 
the course of the implosion, calculation of equations of state for 




uranium were completed by April, and new IBM calculations of thef 



implosion thereafter included the effect of temperature. As a result efficiencies 
were decreased by a small amount, but less than had been anticipated, 

11,17 On the question of stability of shocks, it was finally* proven 
that plane shocks were stable, and the decay-rate of irregularities was found. 
In the absence of a complete theory for convergent shocks, it was nevertheless 





possible to f;»£ike rough estimates of the effects of instability 
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11.18 In the design of the initiator, specifications were provided as 
to the initial neutron intensity required from the sudden mixing of polonium and 
beryllium* By April 1945 the' design for the initiator had been frozen, the 
called urchin design (15.45)* 



11.20 As the time of the Trinity test approached, the main effort of 
Group T-l went into an attempt to^ explain certain discrepancies between the 
experimental data obtained from implosion studies in G Division and the results 
of the latest and most comprehensive IBte calculations. Densities measured by 
the betatron and Ra La methods were somewhat lower than the theoretical values. 
Measured shock velocities were also lower than theoretical values. Material 
velocities measured by the electric pin method were in agreement with theory, 
while those measured by the ^magnetic method were lower than predicted. A 
thorough canvassing of all the assumptions used in calculation, and examina- 
tion of possible experimental errors, led finally to the conclusion that the 
theoretical calculations should be revised downward somewhat, but not by an 




amount sufficient to alter the expected performance of the weapon very 
significantly. 
Efficiency 

11.21 During the period discussed in the present chapter the study 

of efficiencies, like that of other theoretical problems, moved from exploratory 
analysis intended to insure an essentially complete understanding of bomb physics, 
to final calculations of weapon design and performance, by the most reliable 
methods known. Efficiency calculations, in particular, carried the full 
responsibility of assuring the Laboratory that it was working toward an effective 
weapon, and of predicting as accurately as could be the efficiency of the bomb 
finally developed . In the nature of the case there could be no experimental 
verification of efficiency theory as a whole until the first test. 

11.22 Several undertakings begun in the previous period were carried 
over and completed in the present period. The first of these was to examine 
carefully the effect of mixing between core and tamper, expected because of the 



Taylor instability at the interface. 
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11.23 Another type of calculation considerably improved upon wa3 the 
prediction of the initial multiplication rate for supercritical assemblies. 
Allowance for several groups of neutron velocities, in particular, introduced a 
transient time-dependence of this rate in the initial stages of multiplication. 
The comparison of this theory with experiments of Groups R-l and G-l was not 
satisfactory and required some re-examination of theory and experiments before 
good agreement was reached. 

11. 2k During this period, also, the qualitative understanding of the 
' effect of radiation on the coarse of the explosion was brought to coapl-stion; 




r 



but reliable quantitative c Iculaticns renMned ir.f ossib-le. Just beferr th<< 
. Trinity test, therefore, the final efficiency prediction ignored this effect 
which, it w:« 3 understoo !, might be responsible for a very r,vuch higher efficiency 
than that predi cte ?. 

j 

i 11 v." 5 As Lite as May, l?/*?^ considerable worrjr was occasioned by U'e 

predetonation problem c onnected with tre implosion assembly. 
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11.26 Final efficiency ca leu la t ions, published in the Theoretical 
Division Progress Report for June (IAM3 267) * gave a prediction that the 
yield at the Trinity test would lie between 5,00p and 13, COT) tons of TKT. The 
actual yield of the Trinity explosion was certainly in excess of this upper 
limit. Cne quite successful measurement made during the test was the initial . 
rault iplic at ion rate of the boir.b as it exploded. Using this value and omitting 
some pessimistic assumptions made in arriving -it. the yield r*nge quoted hbov^, 
recalculation gave a value near 1?,000 tons. i3oth because of the uncertain! ics 
in measuring the yield and also because of the lar^e theoretical uncertainty 
introduced by ignoring the effects of radiation, the close agreement between 
this figure and the "official" yield of l?, r CO tons conceals several unsolved 
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problems. The first of these is the effect of radiation. The second is the 
proportion of the energy released converted into blast energy. Uncertainty 
about the latter relations makes it necessary to distinguish between the 
"nuclear" efficiency (fission energy released) and the "blast" efficiency, 
derived from the measurement of the blast wave. In view of the complexity 
of the efficiency problem and the unknown factors entering into it, the 
correspondence between theoretical and measured values was remarkably good, 

11.27 There was somewhat less close agreement between the very 
successful result of the Trinity test and the subjective anticipations of 
many members of the laboratory, who had by one argument or another prepared 
themselves against disappointing results. Shortly after the Trinity test, 
therefore, there was some discussion of possible unanticipated effects that 
might have accounted for the unexpectedly high yield. 



MUTED 





Damage 




11.28 Much more extensive investigation of the behavior and effects 
of a nuclear explosion were made during this period than had been possible 
tracing the history of the process from the initial expansion of , the active 

erial and tamper through the final stages. These investigations included 
he forniation of the shock-wave in air, the radiation history of the early 
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> stages of the explosion, the formation of the "ball of fire", the attenuation 

of the blast wave in air at greater distances, and the effects of blast and 
radiations oft human beings and structures. Much of this information was of 
importance in making plans for the Trinity test. It was essential to know 
also the probable fate of plutonium and fission products in the ball of fire 
and the smoke cloud ascending out of it. These calculations, plus calculations 
of blast and radiation, were essential in planning experiments and observations 
at Trinity, and in planning for the protection of personnel. Theoretical studies 
of damage to structures and to personnel were of course made in anticipation 
of combat use* Extensive use in this connection was made of British data on 
damage to various kinds of structures caused by high explosive bombs* General 
responsibility for this work was given to Group T-7, with the advice and 
assistance of W. J. Penney. 
Experiments 

11*29 As in the earlier period reported (Ch. V), the consulting 
services of the Theoretical Division continued to occupy a considerable part of 
its time* Some of the more important lines of relationship ha^f been discussed 
under the previous sections. Among the large number of neutron experiments on 
which the Division gave advice or performed computations may be mentioned the, 
Gun Model experiment of Group R-l, the scattering experiments of R-3, the 
integral tamper experiments of R-l and R-3, the multiplication experiments of 
R-l* For the Weapon Physics Division the theorists assisted with problems 
such as the design of RaLa experiments, the theory and analysis of magnetic 
pick-up data, and the focussing of x-rays for the x-ray method. Assistance was 
given, as before, in the design of various counters and detectors, and in 
calcinating their efficiencies. 
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11.30 Ihe most varied assistance was given to the operating groups 
engaged in the conduct of the Trinity experiment, all phases of which were 
under surveillance by the Theoretical Division which, as mentioned above>was 
responsible for preparing adequate order-of-nagnitude calculations of the 
effects to be expected, and also for being sure that, in terms of these 
calculations, the experimental program was properly planned and coordinated. 

11.31 In this place credit must be given to the computing Group, 
T-5> for its essential services in obtaining numerical solutions, required 
in most theoretical investigations. 
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12*1 In the first period of this history the emphasis of the 

experimental physics program was placed on the measurement of quantities 

needed in determining the nuclear specifications of the bomb* By the end 

of this period two essential developments had occurred: the Laboratory had 

acquired a full view of the difficulties in the field of implosion dynamics 

and was ready to begin the integral investigation of chain reacting systems. 

the first development was the most important organizing influence from this 

me on. A considerable number of experimental physicists went into the new 

G Division, to assist in the Investigation of implosion dynamics* The 

second development also drew personnel out of the old Experimental Physics 

Division* A number of experimentalists went into G Division, to work with 

hydride and later with metal critical assemblies. In addition the Hater 

Boiler Group and part of the Detector Group went into the new F Division* 

This left for the new experimental physics division, called the Research or R 

Division, four groups: 

R-l Cyclotron Group Wilson 

R-2 Electrostatic Generator Group J* H* ff 11 J lams 

R-3 D-D Group J. H. Maniey 

R~4 Radioactivity Group E* Segre 

R* R. Wilson became Division Leader, while remaining Group Leader of the 

Cyclotron Group* 

12.2 The program as well as the composition of the Research 
Division was affected by the new stage the Laboratory was entering. Some 
part of its work can be described as a continuation of the previous Experi- 




mental Fhysics Divisicr j rofjr^rn. Inert.'. singly, however, the- exper imental 
work reflected the maturing of the Labor-it ory program ;is a whole; differ- 
ential experiments were carried out to investigate the finer points of 
the chain fission reaction, and an increasing number of semi- integral and 
integral experiments was made* Finally, in January 1945 > Division R was 
asked to assist in preparation for the Trinity Test scheduled for July 1945. 
'.Yith this all but the highest priority experiments were postponed, and the 
four groups began to develop Instrumentation for the test. Their work on 
that project is described in -Chapter XVIII. The account of the experimental 
physics resumed after the test (July 16) brings us close to the end of the 
period covered by the present history* The present chapter closes therefore 
with an account of work in progress in August 1945 $ or planned for the 
immediate future. 
Neutron "umber Measurements 



12 #3 Cne of the neutron measurements for which only preliminary 
data had been obtained in the first period was the comparison of neutron 
numbers from fission* induced by slow and fast neutrons. The Cyclotron 
■iroup, the van de Graaff Group and the D-D Group all made further comparisons. 
Of these experiments those of the van de Graaff Group had the highest reliability; 
but all showed that there was no appreciable dependence of the neutron number 
on energy. 

233 

12*4 In September 1944 a sample of U was received and enough 
measurements (Appendix 7, No. 33) made to show that it was a good potential 
bomb material. Its neutron number, in particular, was measured by the 
Cyclotron Group, and found to be slightly greater than th4t of U^^« 

12.5 The only other direct measurement of a neutron number was 
that made by the Radioactivity Grour , for spontaneous fission of Pu*" . 
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Over a period of months enough data were gathered to show that the number 
of neutron? per fission was in the neighborhood of 2.5» 

12.6 \s incidental to the construction of apparatus to measure 

235 

the decay constant of nearly critical assemblies of U , the Cyclotron 
7roup measured the product of the neutron number times the fission cross 
section at high energies. 
Spontaneous Fission Measurements 

12.7 In the fall of 1944 the Radioactivity Group moved its 
spontaneous fission work from its old Pajarito Canyon Site to a new site, 
called the East Gate laboratory. This change had the advantage of a much 
shorter commuting distance, and also of avoiding close contact with new 
high explosive firing site3, as the test area of the implosion program 
expanded toward Pajarito Canyon. 

12.3 In tne year between August 1944 and August 1945 spontaneous 
fission data v/ere taken with a long list of heavy elements , including isotopes 
of thorium, protoactiniura, uranium, neptunium, plutonium, and element 95« 
Careful measurements v/ere made with a number of samples of plutonium, 
including early samples produced by cyclotron irradiation, later samples 
from the Clinton pile (including one r*e- irradiated sample) and still later 
samples of Hanf ord material. This work was necessary in order to know the 
neutron background coming from the spontaneous fission of Pu"^ in the 
Hanford bomb material. 
Fission Spectrum 

V 

12.9 The principal experiment performed during this period was 

a measurement by the Electrostatic Generator frroup of the fission spectrum 

% 

from fast neutrons impinging upon a plate* of enriched uranium. These measure- 
ments ^ere made by the photographic emulsion technique. They gave results 
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in qualitative agreement with those obtained earlier by the same group 
using slow neutron initiation. The average energy of fission neutrons was 
somewhat higher; but it was not possible to decide whether this was a 
real difference, or caused only by difference in the experimental arrange- 
ments. 

12.10 /Vork wa3 begun by the Electrostatic Generator Group tp 
investigate the low energy end of the fission spectrum, using the. cloud 
chamber technique, a mock-fission source and a surrounding sphere of 
enriched uranium. Data were obtained which gave good agreement with extra- 
polations from earlier measurements. Completion of this experiment had 
to be postponed because of the pressure of Trinity work in Llarch 1945. 
Measurements were completed, however, for the bare mock-fission source. 
In the low energy region its spectrum was relatively close to the fission 
spectrum. • ^ B 

12 # 11 Three mock-fission sources were built by the Radiochemistry 
Group, using 2,%, and 25 curies of polonium, the last giving 4^10^ neutrons 
per second. These were used in the various sphere multiplication ocperiments 
(12.13-12.23). 

Fission Cross Sections N 



12*12 One of the series of experiments completed in the last months 
of 1944 was a remeasurement of the fission cross sections of IT* and Pu as 
function of energy. Earlier results had been accurate enough to show the 
existence of resonances at low energies and to indicate the general character 
of the energy dependence over the spectrum* This remeasurement wa3 intended 
as a check on the earlier data and to obtain more accurate data in the inter- 
mediate energy region. As before, this work was done by the Cyclotron Group 
for t hernial up to one kev neutrons, and by the Electrostatic Generator Group 
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at high energies, collaborating with the D-D Group at the highest energies. 
The Cyclotron Group, in particular, measured both ^the fission and absorption 
cross sections* To obtain the latter they measured the transmission of 
neutrons; i.e., those not captured (or scattered) in passing through the 
fissionable material. Since absorption is fission plus radiative capture, 
this experiment ^ave additional data on radiative capture. An important 
physical result was that the ratio of radiation capture to fission, was a sensi- 
tive function of energy. 

12ol3 These same groups also measured the fission cross fraction of 

233 

U as a function of energy, as part of the program to estimate the virtues of 

i 

this material. They found that at high energies its fission croara section was 

235 235 239" 

about twice that of u , placing it between U and Pu both in cross 

section and in neutron number. 

12 # 14 As a continuation of investigation of fission thresholds, 

comparisons were made by the Electrostatic Generator Group of the fission cross 

sections of neptunium and The cross section of the former was measured 

from the threshold at about 350-400 ksv up to 3 Mev. 

Scattering Experiments 
1 ■ " ' 1 *' ■ " ■ 

12,15 The principal scattering measurements in tnis period, as before, 

were the work of the D-D Group. Differential measurements of the type carried out 

earlier were continued. For* this purpose a new directional proportional counter 

was developed with a higher directionality factor than the one previously used. 

Differential measurements were completed for some materials used in the bomb 

construction that had been incompletely measured before; namely, aluminum, cobalt, 

copper, and uranium. Finally, mention should be made of tne measurement of 

235 

scattering from the first amount of beta stage U large enough to provide data, 
Scattering turned out to be smaller than for normal uranium by an amount comparable 
to the difference of their average fission cross sections. Thi3 experiment was 



important negatively, in that if a large inelastic scattering cross section had 
been found in this would imply a longer time between fissions and hence 

3na ller efficiency than expected. 

12.16 The difficulty with differential scattering measurements was that 
they did npt give reliable information on inelastic scattering as it would actually 
effect the operation of the bomb, A number- of more nearly integral experiments 
were carried out by the D»D Group for this reason. In the principal series of 
these experiments, the technique used was to measure neutrons at the inner surface 
of a hollow spherical tamper, using a central D-D or photo-neutron source. By 
using source neutrons of different energies and detectors of different thresholds, 
it was possible to measure the integral energy degradation for various tampers, 

12.17 Another means of attack on the same problem was the measurement 
of the "decay time" of tamper materials. A burst of neutrons 3ent into a tfioper 
gives an intensity of reflected neutrons .that falls off with time, and this can 
be measured by means of a time analyzer, "/hat is measured here is again an inte- 
gral effect, depending on the path and energy degradation of the scattered neutrons ; 

but it is just this integral effect by which the time scale of the explosion is 

1 

affected. 

Multiplication Experiments 

* 

12,1S Multiplication experiments, using Larger and larger spheres of 
235 239 

U ^ J and Pu as these materials became available, were among the most important 
integral experiments made in this period, l^ie technique co/mion to the various 
experiments was the use of a mock fission source surrounded by a sphere of active- 
material and in son;e cases tamper. These experiments were the work of the 
Electrostatic Generator Group and the D-D Group. The interest of the latter group 
was largely the measurement of neutron distribution and inelastic scattering in core 
and tamper. Neutron multiplication was also measured in the process. More accurate 
measurement of neutron multiplication, plus the men aurement of the average fission 
cross section for f isr.ior. neutrons, plus data vrhich set in upper limit to the value 
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of the branching ratio for fi33ion neutron energies , came from the experiments 

IT 

of the Electrostatic Generator Group. These experiments overlapped somewhat; for 
example both groups rneasured the inelastic scattering in the* spheres of active 
material, by comparing the spectrum of outcoming neutrons with that of the mock 
source and with earlier fission spectrum. measurements, in which not enough material 
had been used to produce substantial energy degradation. 

12.19 The ratio of neutron intensities with and without the surrounding 
sphere of fissionable material is a quantity which depends upon the average fission 
cross section, the neutron number, and the branching ratio*. In order to set an 
upper limit to the last named quantity, the Electrostatic Generator Group measured 
the average fission cross section simultaneously with the multiplication. The 
method of doing this was to place foils or thin sheets of active material in the 
equatorial plane between the two hemispheres, so arranged that the area of exposed 
foil at a given radius was proportional to the volume of a shell? of material at 

the same radius. In the untamped sphere measurements the hemispheres were separated 
by insulators and used aa the two plates of a high pressure ionization chamber. 
One hemisphere with foil attached was kept at high voltage, while the other was 
used as the collecting electrode. In this way it was possible to count the fission 
fragments from the foil; the total number of fissions in the sphere was then this 
number multiplied by the ratio of sphere to foil masses. 

12.20 "There a surrounding tamper was used the above technique was 
unwieldy; instead than plates of material were placed between the hemispheres, 
separated by cellophane "catchers". The number of fissions was estimated by 
measuring the radioactivity of fisiion fragments deposited on the cellophane* 

12.21 One outcome of these experiments was the conclusion that the 
branching ritio averaged over fission neutron energies was small, as had been hoped 
on general theoretical grounds. This experiment measured the net increase of 
neutrons per neutron capture. Comparison of this with the net increase of neutrons 
per fission, kncv/n from earlier experiments to be essentially independent of energy, 



showed that the high energy branching ratio was quite small. 
' 12.22 Another outcome w?.s tie possibility of extrapolating the sphere ^ 

multiplications as a function of radius to the point where multiplication would 
become infinite; i.e., to the critical radius. These extrapolations gave, in 
fact, a prediction of the critical radius that was extremely close to the vnlues 
obtained with the first metal critical assemblies (15.12). 

12.23 Because of uncertainty as to the accuracy with which the nock 
fission source reproduced the true fission spectrum, the multiplication experiment 
was repeated by the Cyclotron Group for small spheres and by the ?, T atcr toiler 
Group in F Division for large spheres, using a true fission source. The results 
checked very closely (13»47)# 

* 

Other Integral Kxperiments 

12.24 In late V)kh $ a^^xperiment was devised in the Cyclotron Group 
^ to measure the nuniber of critic-:' I masses' that could be disposed saf <•- ly in the 

target and projectile of the gun assembly. In place of active mat trio i and tamper, 
a mock-up was used whicikfor thermal neutrons imitated the absorbing and 
scattering properties of these materials. By this time it was possible accurately 
n to calculate the critical mass of an un tamped sphere. Hence a mock sphere wa3 

i 

constructed which was equivalent to a just-critical metal sphere. The decay time 
of this sphere was measured with pulsed thermal neutrons, Cnce this measurement 
was made, comparison with odd shaped tamped systems could be made, such as V.e gun 
projectile and target. This experiment not only determined approximately the 
nunber of critical masses that would be safe in the pre jec tile and target, but 
also gave information on the change in decree of critic ;lity as the projectile 
moved toward the target, and hence on the .pre'! etc nation probability, 

12.25 Another integral experiment made by the Cyclotron Croup was ti e 
measurement of the multiplication rate as a funct icr. of the riass of act-ive material. 
This experiment was performed by two methods, on'- cU/vised by tic Rala 3 roup of .: 

S E CRET 



Division (formerly the Detector Group of Experimental Posies), ..n-.i cno by the 
Cyclotron Group. The first was a Rossi type of experiment, in which the counting 
of a single neutron triggered the counting of further neutrons us a function of 
time. The second was a fast modulation experiment, in which the chain was startej 
by a neutron pulse from the cyclotron and the decay of the burst measured as a 
function of time* The change in decay time for small changes in the decree of 
criticality of the system is thus measured in the nea r-critic.il region. According 

to theory the curve s'o obtained can be extrapolated into the supercritical positi; .'. 

235 / ' — * 239 - ^rf^ffi - tO€- 

Both U .with a/ DKLCYK0 J tamper and Pu with^^^*^ tamper were v^CV) 
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measured in this experiment. The Pu sphere was used in the Trinity test shortly 

thereafter . The 

0235 

measurement permitted extrapolation to the number of critic- 1 
masses in the assembled Hiroshima bomb. This made possible a semi-empirical 
prediction of its efficiency. The equipment used in thi3 experiment exemplified 
the counting techniques carried to a high "point of development at T^os Alamos. 'IV. c 
cyclotron beam was modulated to give pulses 0.1 microseconds long. Time resolution 
of 0«06 microseconds could be obtained in, the counting channels. 
Miscellaneous Experiments 

■ • \ 12.26 Capture cross sectl^j^measurements were continued. The Hadic- 

.activity Group made differential measurements at various energies, and the 
Electrostatic Generator Group measured average capture cross sections in spheres 
surrounding a mock-fission source. Neutron capture in tantalum, which, seemed to 
show some anomalies, was investigated by both groups. 

12.27 • Mass spectrographic analysis and neutron assay of fissionable 

Witt 24C 

material va continued as a routine matter. The Pu content of new batches of 



plutoniura was measured as they arrived, and searches were nude for the r: rer 
isotopes of uranium and plutonium. Mass spectrographic work was attached to tie 
Electrostatic Generator Group, neutron assay to the Radioactivity Group. 

12.28 As incidental to the investigation of fission properties of V . , 
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^-v its half-life w.-. s measured by the Radioactivity Group, The same group continued 

( its investigation of gainma radiation and alpha particles eirdtted with fission. 

They also neasured the gainma radiation of radio- lanthanum, needed in correction 
with the RaLa measurements of the implosion. This group also measured neutron 
background from assembled initiators as these were constructed. 
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Chapter XIII 
F DIVlSIOIf 



Introduction 

13 #1 As part of the administrative reorganization of the Laboratory 
P Division was formed in September 1944, shortly after Fermi 1 s arrival from 
Chicago. Ac Associate Director Fermi was given general responsibility for 
the theoretical and nuclear physics research of the Laboratory. As Division 
Leader of F Division he was ^iven the directive to investigate potentially 
fruitful lines of development not included under the main program of the 
Laboratory, This responsibility included the Super in its theoretical and 
experimental aspects, and means of fission bomb assembly alternative to the 

* 

^un and the implosion. Because of Fermi's previous association with pile 
development, the Water Boiler Group was also placed in this division. The 
last group in the division was added in February 19^5, to do experimental 
work with the high power water boiler as a neutron source, and to prepare for 
the measurement of fission fragments at the Trinity test. The work of F 
Division in the Trinity test is reported in Chapter XVIII- 

13.2 The group organ isat ion was as fellows: 

F-l. The "Super* and General Theory E. Teller 

F-2. The 7/ater Boiler L. D. P. King 

F-3. "Super" Experimentation E. Bretscher 

F-4. Fission Studies H. L. Andersoa 

The Super 

13.3 During June of 1944 Teller's group had been separated from 
the Theoretical Physics Division and placed in an independent position, re- 

norting to the Director. This separation w*ss a recognition of the exploratory 
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character of this group's work as contrasted with that of the Theoretical 
j Division generally, which had primarily responsibility for obtaining d< 

i 

data for fission bombs. Again in August Teller's group- becajne the 

theoretical branch of the new F Division, created under Fermi. 

* 

13.4 Theoretical work on the Super from thir time was without 
essential surprises. The analysis of the thermonuclear reaction became 

t 

more quantitative and concrete. Increasing attention was given to the theory 

A 

of detonation-mechanisms. Work reached its highest intensity in the spring 
of 1945 *nd continued far several months after the end of the war and the 
period covered by this report. 

13.5 The detailed chronology and connections of these developments 
will not be traced here. There will be, rather, a qualitative account of the 
processes fundamental to the operation of a thermonuclear bomb, as finally 
understood. Thet*e processes are, in summary: the release of nuclear energy 
in high- temperature collisions, the transfer of energy from product particles 
to the znediui), the loss of energy by radiation, the loss of energy because of 
the presence of low temperature radiation, the lose of energy through thermal 
conduction, 

RELEASE OF ENERGY IN HIGH TEMPERATURE COLLISIONS 

13 «6 New measurements of the reactivity of deuterium with deuterons 

and tritons having the low energies of thermal motion were performed by Bretecher's 

group, (13.33)«< The new D-D data agreed with previous theoretical extrat>ol*t- ; 

)0 tions from the old, high energy data. -The lew energy T-D reactions, ho7<ever, 

fyS turned out to have a considerably higly reactivity than even that anticioated 

A 

from old measurement i 
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!?»7 The theoretical investigation fhcwed tnat u ;-teop rise In 
the rate of energy -volution can be expected with a rice in temperature 
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TRAKi:-F^R OF KhT'-KGY FROM FRCTUCT P/JTFICIES TC THE MED WW 
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energy released in the reaction of a deuteron 



or triton with a deuteron 1c transferred into the kinetic energy of the 
product- parti e 1 rt s . This energy must, in turn, be used to heat the deuteron 
rc*diu& to prcdure ^ore reactions. The product-particles transfer their energy 
through collisions. In general the energy is "deposited" in. the medium through 
a chain of collisions, during which the product- particles disperse themselves. 
he^&nt'H of this dispersion the volume to be initially heated must be large 



*nov:h V. ch.tch most of the energy deposits; otl 



;-particles 



wi U escape from the system v/ith too large a part of their energy, and the 
p action will fnil to be sel f-pgopagatlngy f .. . ... 
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LOSS (F ENERGY BY RADIATION 

13 .9 The "raechaiiisuT'of radiation- loss has already been described* 

• .'' -V « ■ ;V- v . ■■ ! V^< ; V. • • • ■ 

Since the loss rate at lav temperatures exceeds the production r^te but risee 
much less rapidly with temperature, there is a m iniman temperature^ called 
the "ideal ignition temperature" f at which the energy evolution re ache* 
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equality with the ;£retisstrahlung loss 'rate • .The qualification ideal" 

accourit, 
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&K£RGi LC^S THROUGH THERMAL COHDUCTIOH 



O 0 , 



DtUETED 



DfLBTED 



DBLBTKD 



OBUETED 





This complete a the summary of the essential processes taking 
nl^ce in a thermonuclear bomb* Through their analysis some requirements to 
be fulfilled by any successful design -were known. The conditions considered 
relate, however, on!Jy to the behavior of a given volume of reactant to which 

otutni) 



if' yen tGH p er f.tw'e is supplied* V 
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DAMAGE 

13 • 21 No account of the Super development at Los Alamos can be 
complete without some account of estimates of damage . It must be emphasized 
that these considerations are essentially qualitative. In fact with energies 
of the order contemplated, the effects of explosions begin to enter a new 
range, which may make necessary sonie account of meteorological and geological 
phenomena normally beyond human control. Under these circumstances accurate 
calculation is less important than a thorough canvassing of the possibilities 



The following account is highly tentative, both quantitatively and in degree 

of thoroughness, 

13,22 The ten-million ton Super described above would not b« 
the largest explosion seen on the Earth. Volcanic explosions and the 
collision of larpj meteorites such as the Arizona or Siberian have undoubtedly 
produced larger blast energies, perhaps a thousand or ten thousand times larger. 
On the other hand these explosions were very cool compared to a thermonuclear 
explosion, and coi respond in gly pi wo familiar in their effects, 

13*0 The blast effects from a ten-mil lion- ton Super can be scaled / 
'jp from the known damage at Hiroshima and Nagasaki. Taking the destroyed 
area from a ten- thousand -ton bomb to be ten square', miles, the Super should 
rroducn equal blast- destruction over a thousand- square -mile aroa. This 
would be more than enough to saturate the largest- retropo! itan areas, 

13.24 Mors widespread ground damage would perhaps result 'from 
an explosion underground or underwater near a continental shelf. Sine* it is 
estimated that a severe earthquake produces energies of the same order as 
the Super, the surface effects might be comparable. To produce these effects 
rould require ignition at a very great depth, cf the order of several miles. 

13*25 This bemb begins to reach the uprer limit for blast 
destruction, that is possible from detonation in air. Just as a fission 
bomb exploded in shallow water will have its radius of destruction in water 

limited by the depth at which it is exploded (I4t21 ), so with a Super in the 

... 

at.nosph.ere. It "blows a hole" in the atmosphere 9 so that the maximum radius 
cf destruction is comparable to the depth of the atmosphere, 

11.26 Neutrons and gamma rays from the Super would not be a sig- 
r"fir t nf -art of its damage; thMr intensity falls off more rapidly with 



distance than the blast effects. Even at Hiroshima and Nagasaki they djd not 
cau3e a large percentage of casualties, Fron a larger bomb their effects would 
be greater, but not proportionately groater, 

13.27 The effects of visible radiation , on the other hand, fall 
cff less rapidly than blast effects. This destruction can, in fact, be made 
directly proportional to the energy release. While blast damage can be increased 
a hundredfold, visible radiation damage can be increased a thousandfold. For 
the first purpose the bomb would be detonated abcut ten tines higher than at 
Hiroshima and Nagasaki, for the second about thirty times higher. And the 

real point of the latter method is that there is no limit to the possibility 
of detonating larger bombs at higher altitudes m {Thus a super which burned 
a ten-meter cube of deuterium at a height of three hundred miles would equaJ^ 
in effect a thousand "ordinary* supers detonated at ten-mile altitudes, " In 
both cases the area of damage would be In the neighborhood of a million square 
miles. It should, of course, be emphasized that such a high altitude weapon 
is at the present time only a theoretical possibility. 

13.28 It is difficult to estimate damage from visible radiation. 
In Hiroshima and Nagasaki the total effect was a composite of blast, gamma 
radiation and visible radiation. The last Ttas sufficiently Intense to ignite 
wooden structures over an area of a square mile or so. Casualties from 
visible radiaticn alone would be considerably smaller, because of the 
protecting effect of clothing and walls • * Effects from a super would be 
comparable, and either more or less intense depending on the relative military 
importance of extensive versus intensive burning. The figures already given 
would correspond to an intensity about the same as that at Hiroshima and 

agaeaki. v 

. 13-29 The most world-wide instruction could cone frcm radioactive 
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poisons* It has been estimated that the dotoraticn of 10,000 - 100,000 
fiseinn bombs would bring the radioactive content of the Earth's atmosphere 



to a dangerously high level. If a Super .»ere designed with a U 



catch its neutror.tf and add f iss ion-energy to that of the thermonuclear reacticn, 

it would require only in the neighborhood of 10 to 100 iiuwrs of this type 

to produce an equivalent atniosphoric radioactivity. Presumably Supers cf 

this type would not be used in warfare for Just this reason. Without the 

urimiumj ^jjfSJ^onous radioactive elements could be produced only by 

1A 

absorption; for example, carbon could be produced in the atmosphere; not, 
however, in dangerous amounts. Poisoning, moreover, would be obviated by 

■ * 

detonation above the atooephere, . which is in any case the region in which - r 
the general destructive effects of the Super seem greatest. 
Other Theco^atical Topics 
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13*34 * Scene time wa3 spent on safety calculations for the K-25 
diffusion plant, principally on estimations of critical assemblies of enriched 
uranium "hexaf luoride under various conditions and degrees of enrichment* 

13*35 A topic of interest in connection with the Trinity test was 
the formation of chemical compounds in air by the nuclear explosion, luch 
compounds as oxides of nitrogen and ozone are poisonous, and the quantity 
produced had to be estimated* It was also anticipated that they would Effect 



radiation history of the explosion, which was to be examined spec tr ©graph- 
ically, - 
Deuterium and Tritium Reaction Cross Sections 



13*36 It was stated above (13.6) that the lotf*onergy cross section 
of the T-D reaction was found to be higher than extrapolation from high energy 
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d.tta had indicated. This discovery, which considerably lowered the ignition 
temperature cf ?-D mixtures, was the result of work undertaken at the beginmr^r 

* 

of the period under review by Group F-3, the ouper Experimentation Group. 
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13 #37 Since both the T-D and the D-D croc 3 sections at low energies 
were known only by rather dubious extra poll tion, it was planned to measure 
them simultaneously. 

13*38 The first series of measurements was made with a small (50 kev) 
Cockcroft-^alton accelerator constructed for the purpose at Los Alamos. ! Yith 
this equipment experiments were carried out in the region from 15 to 50 kev. 
The quantity measured was the total number of disintegrations as a function 
of the bombarding energy, from which the reaction, cross sections could be 
derived* In both cases the target used was made of heavy ice cooled .with 
liquid nitrogen. The D-D reaction was produced by a deuterium ion beam, and 
the protons produced in the. reaction measured. In the case of the T-D reaction 
the procedure was analogous; except that special precautions had to be taken 
to conserve the small amount of tritium available as an ion source. In this 
case the alpha particles from the reaction, were counted. 

13.39 The result of these^ne^surements was that the extrapolated 
values of the D-D cross section were shown to be approximately correct. The 
tritium cross section, however, was very much*iarger than had been anticipated 
at energies of interest ^""^BHflHJ WBJHHBL ^b(S) ' 

13«40 These measurements were later (after the end of the 
under review) extended to the K>0 kev region, using a larger accelerator 
constructed for the purpose. 
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The Water Boiler 

13»41 Upon the completion of the series of water boiler experiments 
described in Chapter VI, it was decided to develop a higher power boiler to be 
used as a strong neutron source for various experiments. A power of 5 kilowatts 
was chosen as a. suitable value. The original 10 kilowatt design was modified 
considerably-. The essential design features were completed; in October, and 
construction of concrete foundations and shields begun. The boiler was built 

• ■ 

and in operation in December 1944. 

13.42 The power level for which the boiler was designed was chosen 
because t^is was attainable with the amount of enriched material available at 
the tine, because the cooling requirements would be simple and because the chance 
of trouble from frothing or large gas evolution caused by electrolysis of the 
solution would be small. Such a boiler was calculated to give a flux of 5 x 10 
neutrons per square centimeter per second. 

13.43 A number of changes in design were made from that of the low 
power boiler, and some from the original 10 kilowatt design. The solution used 
was uranvl nitrate rather than uranyl sulfate. The main reason for this was 
the greater ease with which the nitrate could be decontaminated if that should 
prove necessary (17»47). Additional control rods were installed for increased 
flexibility of operation. tfater cooling and air flushing systems were installed, 
the latter as a means for removing gaseous fission products. The boiler had, 

■ 

finally, to be carefully shielded because of j^atnma radiation and neutrons. 

13«44 It turned out that decontamination of the boiler was unnecessary, 
even after 2500 kilowatt-hours of operation. This was caused in part by the 
' success of the air flushing system, which removed some^OyS of the fission products, 
and in part by the absence of corrosion of -the stainless steel container, 

13.45 The tamper of the high power boiler was chosen on the b*si3 of 
tamper experiments performed with the low power boiler before it was torn down. . 
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Partly because of the difficulty of procuring the needed amount of beryllia, 

* 

and partly because of the ( y t n) reaction in beryllium which it was desirable 
to avoid, the tamper choseft was only a core of beryllia bricks, surrounded by 
a layer of graphite, , 

13*46 Ifce power boiler was equipped with a graphite block for 
thermalising fission neutrons* 
N eutron Physics Experiment* ■ 

13.47 It has been mentioned in Chapter XII (12.23) that the import* 
ant sphere multiplication experiments which were made first in the Electro- 
static Generator Group were repeated and verified in F Division. These experi- 
ments were performed independent?!^ by the Water Boiler Group and the F-4 Group, 
~In both experiments a source of fission neutrons was obtained by feeding a 
beam of tftf rtel neutrons from the water boiler and graphite block on to a target 
of U 2 ^? in the center of the 3i* awr S! 4i" sphefes. In the Water Boiler 

Group the fissions in the source and throughout t|i* sphere^ were measured by a 
technique similar to that used by the Electrostaifts Generator Group, catching 

the fission fragments on cellophane foils. In the experiments of F-4 the 

' ' . f 
fissions produced were measured by means of a small fission chamber placed at 

various radial distances from the center. In these experiments the target 

was itself a small fission chamber identical with that used to measure fissions 

in the sphere* Comparison of fissions in the source chamber with those in the 

detecting chamber at various distances' gave the multiplication rate. Of these 

two experiments the first gave results closer to those of the Electrostatic 

Generator Group, and to the final empirically established values of the critical 

mass, 

, 13 #43 Several thermal cross section measurements for the various 
elements were made,\iaing the high neutron flux from the boiler. One was the 
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absorption cross sec Men of U . The * '.er^il scattering cross sections of 
235 ^9 

,T arid ru were measured, and it; t? ^ ~ nurse of these ^easi, repeats cro33 

sections were cbtiired for a lay^e raisiber of other elements. 

13*49 Tn ord^r to iaake c-. libratioraa for the aeasure:.ier.t of gu::na 

ray -i n i neutron intensities at the Trinity test, the u'ater toiler "roup made 

239 

:: easure:..ert.? of Slaved neutron tnd ••variua nv emission from sanrl^s of Pu - 
us a function of the delay time- (i.e., the tii.e after irradiation) . These 
experiments r. ase of a rather sieotscular technique, which was to shoot 
a slug of nat-ai-l with a pneumatic : un into a pipe through the middle of 
the boiler, and measure the decay of activity v/ith tlT.e by means of an ion- 
ination chaiaber for ga una rays and boron trifluoride counter for neutrons. 

* 

13*50 In addition to providing a strong neutron source for the 
experiments described above, the water boiler also was used to ma'-e neutron 
irradiations for other groups in the Laboratory • 
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Int. rocket ion 

Liul \s a result of the August 19kU reorganization of the laboratory, 
three groups of the old Ordnance Division v.'ere transferred to the new Explosives 
Division: The Implosion Experimentation Group, the Hi^h TSxplosives Development 
Group and the 3 Jite Group. Two groups, the Instrumentation Group and the Rala 
and Klectric Detonator Group, beca.ne p i*t of the nevr ?, T eapon Physics Division. 
Tne remaining nix groups (7*1) constituted the new Ordnance Division, but with 
the old Proving Ground and Projectile, Target and Source Groups combined as a 
single Gun Group. Added shortly were two new groups?, one to investigate the 
possibilities of underwater explosion of the v/eapon and to compile bombing tables 
for the Little Boy and Fat K r :n, and one as a special ordnance procurement group. 
By the end of September the organization of the Ordnance Division was as follows: 



0-1 The Gun Group 

0-2 Delivery 

0-3 Fuse Development 

0-4 Engineering 

0-5 Calculations 

0-6 Water Delivery, Exterior Ballistics 

0-7 Proc u rente n t 



l . ?. Birch 

T. F, Raaiaey 

:-. Brode 

G. Galloway 

J. 0. Kirs chf elder 

l\ K . Shapiro 

it. Col* R« W» Lockridge 



14*2 During the period under review the activities of the Ordnance 
Division followed two paths. One was the completion cf its earlier reaeai*ch and 
design activities, and the other was its increasing weapon test program and pre- 
paration for final delivery. In liarch 1>45 this 3ecor.d activity was formalized 
as Project Alberts. For the cake of continuity, however, the test :md delivery 
pr<; <,ra; : is cf 0 Division aiv described in the chapter on the Aluerta Project 
(Chapter XIX) for the entire j.criv/I under review. This leave-s "cr the present 
ciur:t er tr e com}:] < ,. J : f n of cert : in t»>; ics c cnt inr.cd fraa the e- rl^-r hi .story of 
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tie teLt program, deserve separate treatment. In the sections following, 

the iC count of the gun development program is completed, as is that of 

amdng and fusing, bomb ballistics and the study of surface and underwater 

explosions. The work of two groups is emitted. One is the Calculations 

Group, originally established to compute pressure-travel curves for the 

■gun (7.21). By the beginning of the period now reviewed the work of this 

group v/as essentially complete. Not long after it became attached, on a 

i 

part-time basis, to the Theoretical Division as Group T-7 (H.3)« 

14,3 The second group whose activities are not separately 
discussed is the Engineering Group. Not long after the beginning of this 
period the main design of the outer case for both the Little Boy and the 
Fat Va.n had been frozen. Apart from the engineering service activities 
for the Division, this group designed the many detailed modifications of 
the outer case and layout of the Fat Man that became necessary as design ' 
of inner components progressed and as- the test program revealed weaknesses 
in earlier designs. 

1A.4 ;7hile " the administrative difficulties of the earlier period 
did not entirely disappear, the. Engineering Group was relieved of the 
burdens which had been responsible' for acst of its earlier troubles (7#49 ff). 
The general coordination of the weapon program was taken over by the Weapons 
Committee (9.10). The administration of shops was placed under the new Shop 
Group of thti Administrative Division. It remained the responsibility of the 
Ordnance engineers to coordinate design of the Fat Uan, under the general 
supervision of the Weapons Coiar.it tee. George Galloway remained in charge 
of the group from the time he took over, in 3ept*»i:,her 194 'u ! -° the end of 

this period. To this group inust b<? credited the design of the outer components 

* — ■ . 



of the Fat -an, including MRJETKD OBLCTED 



1 

> 




1 v 




XIV-3 

3) 




DBLRTBD and fin structure. The corresponding 



elexents of the little Boy were designed primarily within the Gun Group 
itself. 
Gun Assemb' 

1CT5 V/ith the abandonment of the high velocity gun project ("for 
plutoniuxn) in August 1944^4,he emphasis on gun work was put on making a 
weapon out of thd/ (gun for tf*^. All work on guns, targets, 

projectiles, initiators and bene -assembly for the gun was then consolidated 
in one group under Candr. F. Birch. Because of the current uncertainty as to 
how plutonium could be used, the objective of the group was to produce as 
reliable an assembled weapon as possible, for which field operations would 
be as simple as possible, so that at least the U^-^ that was being produced 
could be used effectively. 

1A«6 At this time, there was still considerable uncertainty as 
to the isotopic concentration in which the uranium would be received and a 
consequent uncertainty as to the critical mass# .The previous experimentation 
with the higher velocity, however, had abolished almost all other uncertainties 
of more fundamental nature. Thus there was no essential problem in projectile, 
target and initiator design or in interior ballistics. The problems were, rather, 
how to make this unit serviceworthy and how to establish proof of the over- 
all assembly. And for the part of this work that depended upon the mechanical 
properties of the active material, the normal uranium metal was a perfect 
substitute. 

14»7 One lesson that had been learned from the previous year was r^Q"£" 
that it required six months to procure new guns. Thus the jg^^^^gun3, that ^C?>) 
had been ordered in Itarch, arrived in October, and the special mount arrived 
somewhat later* ; It was December before active proof work on the new model could 

m 

be started. The proof of tubes, as such, consisted of instrumented firing of 




each tube two or three times at 1D00 feet per second with a 200 pound projectile. 

They were then greased and stored for future use* A few tubes were used in 

connection with other' experimentation. Notable among other tests were the proof 

of full-scale targets and the determination of the delay between the application 

« 

of the firing current and the emergence of the projectile. In addition to these 
"live" barrels, a large number of dummies were procured for use in drop tests, 
of the assembled bombs. These guns, which were made mostly from discarded 
Naval guns, were not meant for^firing and required no "proof w . 

-DOC. 




IkiS Although the 




ch gun presented no new ballistics problem, 



it was far from a conventional gun in appearance* It weighed only about half 

« 

* • * 

a ton, was six feet long and had** large thread on its muzzle. Two types of 
V * 

these guns were originally designed and made: "type A, of %fc|^ alloy steel, 

not radially expanded, and with three primers inserted' radially; and Type 3, 

of more ordinary steel, radially expanded, and with the primers inserted in 

the "mushroom' 1 (nose of breech assembly). The same pri mers and same general 

type of propellant that had been proved in thei^JkJPrgun were adapted'^ DBJETKI^ 

W v J O^UgnQ) ty P e B £Ui* was readily selected for further production because 



of its somewhat lighter weight and particularly because the process of radial / 
expansion is an excellent test of the quality of the forging. 

V ^ 

t ■ 

14.9 In the interval between August and December, the proving work 
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was done on targets, projectiles and initiators at reduced scale. 
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The result of 



this program was that, by the tir.e the| p^|JpS^®un arrived, a reasonably firm 
design of the target and projectile c crooner: ts had been established* , JdC^ 

14 .ID From Decoi'nber on, practice Lly all firing wis done at full 
scale. This was done to deterr.ine whether the results at seller scale were 
misleading, as they might be because of the inability to duplicate heat treat- 
ments at different linear scales. The target cares for full-3cale tests were 
repressive objects and difficult to handle, particularly to take apart for 
inspection after the shot. The latter difficulty was alleviated by development 
of a tapered, assembly that could be pushed apart hydraulically. In this way, 
the very good outer cases of high alloy steel could be used again. In fact, 
a most amazing development in the history of the target cases is that the 
first case ever to be tried proved to be the best ever made. This case was 
used four times at Anchor Ranch Range and subsequently fitted to. the bomb and 
dropped on Hiroshima.. Certain failures in subsequent target cases of the same 
design emphasized the importance of careful heat treating and led to slight 
modifications of design. In general, the pieces that were heat treated at Site 
T were far superior to those procured from industry. As in the. case of guns, 
a large number of dummy targets had to be made for the drop tests of the 
assembled bonib, and these were noi made very carefully. The fact that they 
shattered when the projectile seated, in those drops where a live gun was used, 
only aided in recovering the inner portions for s tuc(y t _ «. 
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h The engineering and development of initiators as service- 
worthy units was carried out by th e Gun Group in cooperating with the radio- 



chemists. 
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DBLBTED it vvas necessary to 



er the initiator design and prove 
the stability of low neutron backgrounds under rough handling and advene weather 
conditions. 

3y far the most extensive program in this group was the 
engineering and proving of "assembled units. This work consisted of ironing 
out the mechanical integration of the bomb in cooperation, with the Fusing Group 



and the Delivery Group. Various stages of 
required, depending upon the completeness of the 



,eness .in the assembly were 



, the practice drop3 



ranged from tests of fusing and informers and bomb ballistics in which dummy 
guns and targets were employed to drops of units that were complete except that 
ordinary uranium was. used in place of the active variety. In the latter te^ts, 



the .bomb was dug up for further study of the assembly, 
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14.15 There were no major changes in bomb design in this period. In 
fact, the design was frozen in February 1945* In order that no one outside 
contractor would possess the complete design, the heavy fabrication was divided 



among three independent plants. The gun and breech were made at the Naval Gun 
Factory; the target case, its adaptor to the muzzle threads and its suspension 
lug were made by the Naval Ordnance Flant at Center line, Michigan; and the bomb 
tail, fairing and various mounting brackets were made by the Expert Tool and Die 
Company, Detroit, Michigan. Contact with the latter fir. us was maintained through 
the Projects Engineering Office in Detroit. (7.12) Smaller components, such 

as the projectile, target inserts, initiators and fuse elements were either made 

' • * \ h 

or modified for their ultimate U3e"H(|S£te Y. 

14.16 The component parts were assembled at V/endover Field, Utah, in 
preparation for drop tests. Some assemblies were made at Site however, both 
for preliminary experience and for instrumented ground tests. An assembled gun 
and target system was fired at Anchor Range in. free recoil with entirely success- 
ful results. At Wendover, thirty-two successful drops were made, and in only 
one drop did the gun fail to fire. This was traced to a mistake in electrical 
connections. 

14.17 The airborne tests led to one revision of design for the breech 

* 

of the gun. It was desirable to be able, to load the gun after take-off, or 
unload it before landing with an active unit. The original design did not permit > 
'/ this under flight conditions, so the breech was nodified to permit loading and 
/ unloading of the powder bags by one man in. the bomb bay of the plane* 
Arming and Fusing 

14.18 In the period under review the center of activities for the 
Fu3e Group was the test program at Wendover Field, Utah. The final and main 



series of tests began in October 19^+4 and continued through May 1945* By the 

4 

beginning of these tests the overall design of the arming and fusing system, 

begun in April 19UU, was completed. The following is a general description of 

». 

the fusing system as finally developed. Its main component was the modified 

ArS/l3 tail warning device, called "Archie"* This radar .device would close a 

* 

relay at a predetermined altitude above the target. Four such uni^s were used 
in each fuse, with a network of relays so arranged that when any two of the 
units fired, the device would send a firing signal into the next stage. This 
stage consisted of a bank of clock-operated switches, started by arming wires 
which were pulled out of the clocks when the bomb dropped from the plane *3 bomb 
bay. These clock switches were not closed until 15 seconds after the baab was 
released. Their purpose was to prevent detonation in case the A units were 
fired by* signals reflected from the plane* A second arming device was a pressure 
switch, which did not close until subject to a pressure corresponding to 7000 
feet altitude* In the gun weapon, the firing signal went jlirectly to the gun 
primers; in the implosion weapon, this signal actuated the electronic switch 

which closed the high voltage firing circuit 

■ • . ~J 



DELETED DtLSTKD 



— « 



lit. 19 Alternative to the Archie, .but with a lower altitude range, 
was another radar device developed at the University of Michigan, the B31 or 
"Amos" unit. (Appendix 7 , No. 21) Hiis was stand-by equipment, or equipment 
that could be used if a change of strategy should favor lower altitude firing. 
It was also tested and found fairly satisfactory, but the tests were not 
extensive* The above is a very brief account of a complicated test program, , 
involving tests of much sub3\diary. equipment connected with the firing circuit 

* 




for the two bombs and radio informers in the bomb case to signal information 

to observers. As in all parts of Project A, this program served to tr±in combat 

crew3. 

Bomb 3aHi3tics ? 

14*20 One of the tasks carried out at Los Alamos was the construction 
of bombing tables for the Little Boy and Fat i*an. For this work the necessary 
ballistic data were obtained from field measurements at Sano^r 3each, the Salton 
Jea Naval* Air Station, a small rocket testing station, used by Los Alamos because 
it afforded an approach over water nearly at sea level, simulating the conditions 
which wouid be encountered over Japan. Similar data were obtained for the block- 
buster "pumpkin" program by the Camel project at In^okefn, and the* tifb*groups 

* 

were in consultation on techniques 'of measurements and the data obtained. The 
work at Los Alamos was in the hands of Group 0-6 • 
Surface and Underwater Ejgplosion s 

U+.21 As mentioned earlier, one of the tactical uses considered for 
the bomb was as a weapon against harbors, by surface or underwater detonation. 
At about the beginning of the period under review, it became clear that surface 
or shallow underwater detonation would expend % large part of the energy of the 
explosion in producing cavitation, and relatively little would go into shock wave 
in water. To maximize shock-wave damage it would be necessary to detonate much 
deeper than would be possible in harbors. 

* 

14.22 The effects of shallow explosions were investigated experimentally 
at a very small scale by the sudden withdrawal of an immersed cylinder which 
resulted in the creation, and sudden collapse, of a cylindrical cavity in water. 
Lu 4 .er experiments were carried out with amounts of explosive of * few ounces at a 
dei th of one or two feet. The amplitudes of gravity waves produced in these tests 
could be scaled up to give rough a^rejment with existing data on underwater 
explosifw of several hundred pounds of explosive. From this point the results 
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were scaled up to explosions of the order of magnitude of interest to the 
laboratory, 

14*23 From the experimental data it was discovered, contrary to 
expectation, that a surface explosion produced larger gravity wave* than a 
subsurf-.ce explosion of the same size* From a theoretical analysis scaling 
laws were derived which made it possible to predict with some assurance the 
effects of the surface or near-3urface detonation of atomic bombs. This program 
was the work of the V/ater Delivery and Exterior Ballistic Group, with the 
assistance of Penney and von Neuaann. It had been begun at the end of the 
previous period by McMillan. 
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mPOB PHYSICS DIVI3ION 

I 

Introduotloa 

15*1 At the time of it a organisation in August 1944, the Vfeapon 

i 

Fhyaics or G Division (G for gadget, cede for weapon) was given a directive to 
earry out experiments on the critical assembly of active materials, te devise 
methods for the study of the implosion and to exploit these methods te gain 
information about the implosion* In April 1945, the G Division diroctive wag 
extended te inolude the responsibility for the design and preourement of the 
implosion tamper, at well as the active cere. In addition to its primary work 
with critical assemblies and Implosion studies, G Division undertook the design 
and testing of an implosion initiator and of electric detonators for the high 
explosive* The Electronics Group was transferred from the Experimental Physios 
C Division to G Division, and the Photographic Section of tho Ordnance Division 

became G Division 1 * Photographic Group. 

15.2 The initial organisation of the division, unchanged during the 
year whioh this account covers, was as follows i 
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15#3 Fcr the work of G Division a Lar^e new laboratory building was 
constructed, Gamma Building. New firing sites were established, with small . 
laboratory buildings associated with them (see map Appendix No. 3)# fr'ost of the 
work of G Division occupied new office, laboratory and field facilities; despite 
this, its work was well under way by the beginning of October* 1944. 
Critical Assemblies 

15.4 The work of the Critical Assemblies Group was carried out at 
Ctoe^a Site, (6.64 ff) where it shared space with the Water Boiler Group. Its 
main work was to carry out experiments with critical amounts of active materials, 
including both hydrides and metals. It was given the further responsibility of 
investigating the necessary precautions to be observed in the handling and fab- 
rication of active materials at Los Alamos, to be certain that in these operations 
no uncontrolled nuclear reactions could occur. When G Division acquired the 
definite responsibility of designing and preparing the core and tamper - the 

"pit assembly" - of the Trinity and subsequent implosion bombs, members of the 
Critical Assemblies Group wex^e given this responsibility. 

15.5 During the early period of this group's existence a large number 

of critical assemblies were made* with various uranium hydride mixtures. A rel- 

atively large amount of effort was spent in investigating these assemblies for 

two reasons. The first was that there was not yet enough material for a metal 

critical 'issembly without hydrogen. The second was that by successively lowering 

235 

the hydrogen content of the material a3 more U became available, experience 
was gained with faster and faster reactions. It was also still not ruled out, at 
this time, that hydride bombs using small amounts of material might be built. 

15.i 3y November 1944 enough hydride-flastic cubes of composition 
UK-jq had been accumulated to make a cubical reacting assembly in the beryllia 
tamper, if the effective composition was redj;cv<i to HlgQ by stacking seven pclythcn 
c^bes for each cube cf UI^O P-^-'^ic. Further experiments were made v/ith less 



( 



hydrogen and other tampers. In February 1944 this hydride was sent back to the 
( chemists and metallurgists for reoovery and conversion to metal, and the program 

of hydride critical assemblies was ended. 

16 *7 The most spectacular experiments performed with the hydride were 
those in which a slug of UH **■ dropped through the center of an almost critical 

WW 

assembly of UH .so that for a short time the assembly was supercritical for 

30 

prompt neutrons a lone . This experiment was called "tiokling the dragon's tail*, 

or simply the ■dragon"* The Telocity of the falling slug was measured electrically. 

Before the experiment was aotually performed a number of tests were made to prove 

that it was safe, for example that the plastio would not expand under strong 

neutron irradiation, thus causing the slug to stick and cause an explosion* 

On January 18 f 1946 strong neutron bursts were obtained, of the order of 10 4, neutrons. 

16*8 These experiments gave direct evidence of an explosive chain 
reaction* They gave an energy production up to twenty million watts * with a 
temperature rise in the hydride up to two degrees centigrade per milliseoond* 
The strongest burst obtained produced 10* 5 neutrons* The dragon is of historical 
importance. It was the first controlled nuclear reaction which was superori tical 
with prompt neutrons alone* 

16*9 Because of the intensity and short duration of the bursts obtained, 
better measurements of delayed neutrons were possible than ted been made previously* 
Several short periods of delayed emission were found, down to about ten 
milliseconds* that had not been reported before. These experiments suggested a 
promising future method for producing modulated bursts of fast neutrons* 

15*10 The Critical Assemblies Group made large numbers of safety tests 
for other groups* Most of these involved placing various amounts of enriched 
uranium with various geometries in water, in order to determine the conditions 
under which the aooidental flooding of active material might be dangerous • During 
the course of these tests the first accident v;ith critical materials ooourred* 
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A large amount of enriched uranium, surrounded by polythene, had been placed in a 



container to which water was 



slowly admitted. The critical condition wa-3 



reached sooner than expected, and before the water level could be" 



lowered the 



became quite intense. No ill effects were felt by the men 



involved, although one lost a little of the hair on his head. The material was 
so radioactive for several days that experiments planned for those days had to 
be postponed. 

15.11 Similar safety tests were made on models of the gun assembly. 



These tests were made because water immersion of tl 



might occur act 



in transporting the bomb or in jettisoning it from aircraft. Immersion could 

' i 
i 

also be thought of as the limiting case of wetting from other possible sources, 

15 # 12 The number of te3t3 made with U 2 "^ metal assemblies was much 

239 

larger than those witJb Pu , since sufficient plutonium was available only rather 

late. The first critical assembly of the latter material, which was of a water 

239 

solution of Pu with a Jberyllia tamper, was made in April 1945. By fabricating 
larger and larger spheres of plutonium and inserting these. in a bomb mock-up, the 



critical mass in a bomb was determined 
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15,13 In April 1945 when G Division was given the definite responsibility 
'/of designing the pit assembly of the bomb, the "G Engineers 1 *, Morrison and 
Holloway, were taken for this work from the Critical Assemblies Group, The G 
Engineers worked with the design staffs of X and 0 Divisions in the final detailed 
design of the plosion bomb. / ~~ 
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15#14„ At the request of the G Sigineers the theorists made further 
calculations on the predetonation problem, and this reconsideration led to higher 
estimates of the probability of serious predetonation (ll # 25)« 
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Implosion Studies: The X-Ray Method 

* 

15*15 The X-raying of small spherical charges was developed in the 
Ordnance Division and was in successful use in August 1944 (7.70). At this time 
4,he snail scale work was placed in X Division, and the G Division X-ray Group was 
fonred to extend this method of implosion study to larger scale. In addition to 
thi3 development work the G Tiroup continued a number of service activities, such as 
the servicing and* improvement of the X-ray tubes for. the X. Division work # Other 
demands made upon them included the radiography of explosive charges for the RaLa 
Group. Radiographic examination of the final weapon tamper was also a problem for 
this group near the end of this period but the work was done with radioactive sources 
of gamma rays rather th*n with X-rays. 

15»16 In the early part of the new program the chief objective in the 
development work was to adapt X-ray techniques to lr«rge scale implosions (up to 



200 pounds of* high explosives). It was proposed actually to follow .the course of 

the implosion by detecting the incidence of the X-rays as a function of time, 

using a grid of small Geiger counters. These counters were to be either of one 

or three millimeters in diameter, and disposed in the fern of a cross in the X-r&y 

shadow of the objedt. The principal aims of the projected prograr.1 were (1) reliabl 

'* 

action of the counters and (2) reduction of the amount of scattered radiation that 
would be recorded. These objectives were pursued relentlessly, but because of the 
great technical difficulties involved, with little real success. The program wa3 
dropped in March 1945* It had become clear that, although the difficulties might 
not be insurmountable, there was not sufficient justification for retaining the 
highly trained personnel required for this work. At thi3 • tiv.e also it had become 
clear that essentially the sajne type of information was obtainable by repeated 
exposures with the betatron (15»26 ff). 

15.17 Although the development of the counters and their electronic 
circuits and the reduction of the scattered radiation were uncertain of success 
in the new X-ray program, preparation of a field site where the technique could be . 
tested was completed by early fall 1944* This site was called P Site. The 
protection required for X-ray equipment near exploding charges was designed so that 
it would be useful in other X-ray experiments as well. As a preparation for the 

- * J ** 

final use of the X-ray and counter technique, ptie problems of using the ma-rnetic 
method (15.20) in conjunction with the X-ray method were. solved at P. Site. The 
first combined -X-ray and magnetic record was obtained in late. January 1945. The 
technique was directly applicable to the combination of betatron and^agnetic 
records (15.29) • 

15.1S For the most part the great usefulness of P Jite was in providing 
for small scale X-ray experiments with photogranhic plate exposure./ 1 
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ese experiments, as well as most of the small scale photography at 
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r Site, were under the direction of TucW 
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15.19 A3 emphasis on lens design T 
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the" flash X-ray photography w*s used in the study of the interaction jets formed 

■* 

at the intersection of detonation waves. These studies paralleled those of the 
X-ray section of the Implosion Studies Group X-l (16.9 ff). 
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Prom March on, therefore, the work of the X-ray Group at P Site was 
largely devoted to the study of various proposed initiator mechanisms. 
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In April 1945 & second X-ray team was placed on the initiator problem. Altogether , 
a large amount of important experimental work on initiators was accomplished. The 

- * 

use of P Site for 'the initiator program branched out into various recovery experi- 

ments carried out there, and fina % lly to tne installation of the alpha counting 

# ■ 

experiment (15.44) there* 

Implosion Studies: The Magnetic Metho d 

* 

15.20 *By August 1944 the magnetic method had been established as a 
practical way of determining the velocity of the external metal surfacje of an 
imploding sphere (7«70). By integration the average compression could also be 
obtained. The development of the method was directed a Ions three main lines: (1) 
the improvement of the instrumentation and adaption of the netfcod to large charges 
with electric detonation; (2) cooperation with Rala, X-r:iy and betatron exper -iments 
to get coordinated records and (3) the development cf n«:w methods* 



15.21 The first part of the program st rte ; witr. the construe' iori of e 
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separate proving ground in the Pajarito Canyon (see Site Map). This was completed 
in December 1944 • MeanwhJLle a great deal of work was done in the Laboratory in 
improving the circuits and developing shielding techniques* When the field work 
got under way it was found that the main problem was to protect the magnetic record 
against spurious signals caused by the electric detonators and by the static charges 
developed in the explosion, Hew results were obtained when it became possible to 
"purify 1 * the magnetic records and interpret their details. It was found that 
several reflected shock waves from the metal core could be recognized. The inter- 
section of detonation waves also produced reliable signals. 

15«22 The magnetic techniques were adapted to larger charges, more 
detonation points, and finally to the electric detonation of lenses. The increase 
Of surface velocity with number of detonation points was demonstrated in this way. 

1%23 A unique property of the magnetic method was the fact that it was 
the only experimental method that could be applied to a full, scale implosion 
assembly. The electric method (15.37ff) could be applied at full scale, but not to 
complete spheres. One of the chief objectives of the magnetic program was to pre- 
pare for the investigation of full scale shots ♦ Unfortunately the method could not 

■* 

be used at Trinity because it was desirable to fire that shot with the same type 
of metal case as used with the bomb assembly, and this case made it impossible to , 
obtain magnetic records. 

* 

£ 15*24 As technical difficulties 'were surmounted the method was applied 

^ U^). successfully aij DBLBTBD tamper diameters. At these scales the 

method was used alone as well as in coordination with the Rala and Betatron methods. 

i 

The timing results were particularly useful in these cooperative- tests. As a 
method by itself its main value lay in following the dynamic sequence in the 
implosion and giving data as to the way this changes with increasing size of the 
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15.25 Although the magnetic method rapidly developed into a widely- 
used research tool in essentially its original form, it was widely recognized that 
this method was limited by the fact that 
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Implosion Studies:; The Betatron 

■ 

15*26 The use of the betatron as an instrument to study the implosion 
had been proposed earlier, but was not decided upon until the time of the 
discussions which led to the formation of G Division, For this work the 15 million 
volt betatron of the University of Illinois was obtained, after expert analysis 
of its capabilities for this work by its inventor, D. V7 # Kerst, and of the possible 
use of a vertical cloud chamber for recording by Neddermeyer. These analyses gave 
sufficient* promise of success to justify undertaking the development of the method. 
Experimental work was begun in the early fall of 19UU, on the performance (rise and 
burst times) of the betatron at Illinois and also on the refinement of shadow 
recording by means of flash photography of the cloud chamber • 

1^«27 Construction of the betatron site (K Site) was begun concurrently. 

As at the X-ray site, the test implosion was detonated between two closely spaced 

/* 
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bombproof buildings, one containing the high voltage gamma ray source, the other - 
containing the cloud . chamber and recording equipment ; : Equipment was protected 
from the blasfc, by aluminum nose pieces over the exit and entry ports through which 
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the radiation passed, and by shock-oountihg all equipment, which could be damaged 

•. • ■ ■' * v .■ V'V • * ' ' • - >•» ■ '- 1 ' , H 

by the shock wave* Construction and installation, required until the first of 1945 
for 
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for this reason its history can be written briefly, the* technical achievements and 

ultimate Importance of this work are among the most impressive of the several such 

achievements at Los Alamos. 

Implosion Studies: The RaLa Method 
«. 

15.31 The RaLa program (7^74) resembles the betatron effort in that it 
was a single-purpose, more or less direct, adaptation of a known radiographic tech- 
nique to the study of implosions. Both methods had to be adapted to microsecond 
time resolutions. For RaLa this meant the development of unprecedented performance 
with ionization chambers as well as unheard of sources of gamma radiation. As has 
been said elsewhere (17.52), the source of radioactivity was the radiobarium from 
fission products of the chain reacting pile. By the fall of 1944, the extraction 
of radiolanthanum had been put on a working basis. The production of sufficiently 
fast ionization chambers bad also been achieved. 

15»32 The RaLa firing program itself got under way in Bayo Canyon (see 
Site Map), October 14, 1944. Because of the lack of knowledge as to how serious 
the contamination would be after imploding a source which was the equivalent of 
.many hundred grams of radium, the permanent installations were kept at a minimum 
'for these first trials. Sealed army tanks were used as observation stations. The 
contamination danger appeared so conveniently small, however, that permanent bomb 
proofs were subsequently installed (November 1944) • 

15.33 The early shots were fir.ed by multipoint, primacord systems and 
the results were correspondingly erratic. 
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15»3U In February electric detonators were put Into use and the quality 
of RaLa results immediately improved* In the course of the spring further refine- 
ments were made in the ionization chambers. Frotection was provided against 
spurious signals. Provision was made for obtaining simultaneous magnetic records. 
As a result the significance of the results obtained was so improved that the RaLa 
method became the most important single experiment affecting the final design of 
the bomb. The principal advantage of the method was that analysis of the data gave 
an average of the compression as a function of time. This threw light on two of 
the most critical attributes of the system, namely, the duration and magnitude of 
maximum compression. A disadvantage of the method was that uranium had to be 
replaced by cadmium an* full scale shots could not be made. Since* uranium had too 
much gamma ray absorption, an IBM calculation had to be made for the RaLa model as 
well as the bomb model. If the Rala calculation agreed with the experiment then 
it was assumed that the calculation for the actual bomb was probably also correct. 

15«35 A second Rala site was started in Karen 1945 in order to utilize 
the ever increasing amounts of activity available. The first high quality lenses 
produced were allocated to this work, beginning in April, so as to approach final 
design as rapidly as possible* 

15«36* 'The Rala program was relatively straightforward, but its success 
was possible only because of unsparing pains in the construction and testing of 
equipment, under almost assembly-line conditions of operation* Each shot involved 
the destruction of ionization chambers and electronic equipment that could not.be 
removed from the neighborhood of the shot. Each new set of equipment had to be 
completely checked to be sure of proper operation on the single occasion that counte< 
Implosion Studies; The Electric Method 

15 # 37 The principal technique of the electric method of investigating 
the implosion was that of recording electronically the electrical contacts formed 
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between the imploding sphere and prearranged wires. This is a well-established 
method of investigation but, as always in adapting old methods to implosion work, 
it was necessary to sharpen the time resolution and meet rather more serious 
interference with the circuits on the part of the explosive than bad previously 
been encountered. 

15*33 The development of the electric method was undertaken in August 

i 

1944. Although many possible applications of electronic circuits suggested them- 
selves, the first effort was to make oscillographic recordings of the position of 
a plate as a function of tijiie, when the plate was accelerated by a high explosive 
charge. This was done by merely spacing small pins at intervals differing by 
about a millimeter from the surface to be accelerated. The first successful results 
were obtained in early October 1944. The technique was then rapidly developed and 
refined, so that by the early part of 1945 quantitative data on the acceleration of 
. plates was being obtained. The method was then adapted to the more severe implosior 
of partial spheres, and finally used on lens systems in which only one lens was 
omitted. Information was obtained on velocities of material at various depths in 
the core, and on shock-wave velocities. This information was particularly valuable 
in supplying the Theoretical Division with direct, quantitative data on which to 
test its conclusions and base its predictions for the implosion bomb. 

15.39 Variations of the technique described above were studied but not 
developed as fully as the contact method. These included the condenser microphone 
and resistance wire methods. The use of tourmaline crystals for timing signals, as 
well as for possible pressure recording was pursued by the Initiator Group. In 
addition to the information, of general theoretical interest, on the properties of 
metals under compression, these methods were useful in many particular, studies. 
Thus the Initiator Group was able to determine the pressure distribution in a deton- 
ation wave, and the Electric Method Group measured transit times relative to 
detonation times, uniformity of lens operation and the location and velocities of 

gGOfiST 
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spalls and jets. They also measured many velocities of interest in connection 
with initiator design, and the velocity of shock- operated jets formed in the thin 
crack between tamper halves. 

15*^0 Aside from its general usefulness for many research purposes of 
G Division, the Electric Method was — apart from the magnetic method — the only one 
which could be applied at very large scale. By June 19h5, the technique was being 

t 

applied regularly at large scale and to almost complete spheres of lens charges. 
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Initiators 



15«^1 The Initiator Group differed from those discussed above in that 
it was primarily concerned with the development of a component of the bomb rather 
than with a particular research method-. ^ 
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15*42 A proving ground was built in Sandia Canyon (see map) for this 
work. The nature of proof was not predetermined, however, and in any case could 
not be complete, because the performance requirements could be measured only by 
operation in the bomb itself. Many leads were followed, accordingly, in the attemp 
to simulate actual conditions as closely as possible and to learn as much as poss- 
ible about the mechanisms that were supposed to make the various designs work, 

15*43 The initiator program involved a great deal more than the atten- 
tion of the Initiator Group. A large part of the problem was the procurement and 
radiochemical preparation of polonium. (17»3# tf) There was considerable theoretic 
investigation of proposed initiator mechanisms, and a large amount of experimental 
corroboration was produced by the X-ray, flash photography and electric methods. 
The function of the Initiator Group was to coordinate these researches with its 
own and with trends in design. 

15*44 By February 1945 it was pretty well decided that the initiator 
should be of an ( a ,n) type using polonium and beryllium. Many designs were invent- 
ed, and the work of selecting promising ones and testing them was started. All 
designs worked by some mechanism' for mixing polonium and beryllium, previously kept 
separated by some a **ba6rbing material such as gold, under the impact of the 
incoming shock-wave. At this time the possibility of complete recovery of imploded 
spheres was discovered* The recovery of units with and without polonium in them 
formed an important part of the. early work* Although the results thus obtained 
built up confidence in the feasibility of initiators, this work was superseded by 
studies' of specific mechanisms. 

15.45 The deadline for a decision on the feasibility of an initiator was 
met, with a favorable report, on May 1, 1945. At that time the decision wa3 made 
to concentrate on the "urchin" design for production of a service unit^ 
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15.46 In the course of the month after Kay 1 the acceptance spec if i- - 
cations and fabrication procedures were established and the first service unit was 
finished by the radiocheniists early in. June. (17.45) (Appendix 7 , Ko. 34 ) 

15.47 The Initiator Group set up handling procedures in cooperation with 
the .G Engineers and the Radiochemists for production, surveillance and recording th< 
history of each unit. This plan had just been put in operation by the end of the w< 
Electric Detonators! 

15.43 Ihe need for a high degree of simultaneity in the multipoint 

4 

detonation of the implosion had been realized from the beginning, as had the pot- 
ential usefulness for this purpose of electric detonators,. The early development 

> 

of primacbrd branching systems, the investigation of timing "errors associated with 
them, and the experimental and theoretical discovery of the crucial importance of 
such errors, is reviewed in 7.76 and l£.15 ff. Electric detonators were already 

under development by the beginning of the period reviewed, and during August 1944 

■ , ■ * 

this work was transferred to the new G Division. 

15.49 The degree of perfection desired was, of course, not built into 
the commercial electric detonators, and the problem of simultaneously firing many 
such units had not been faced. This required the development of an adequate high 
voltage power supply and of a simultaneous switching device. The high voltage 
supply could be made from coomercial units, and was simply a bank of high voltage 
condensers. The switch problem, acute at first, was met by straightforward devel- 
Q ft opments which led to several designs adequate for experimental purposes. The 



switch finally developed for weapon use and the particular/ 
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used, were proved in X Division (16.5#) But with a firing circuit adequate for 
C experimental purposes it soon became apparent that there was a serious lack of 

( 

simultaneity and source of failure in the detonators themselves. 

15.50 Detonators of two types were studied, the bridge wire and spark 
gap types, Inpetus for the study of spark gap detonators with lead azide came 
from England in the summer of 1944, where detonators of this sort were being fired 
with timing errors reduced to microseconds. The reduction of errors came from the 
use of powerful high voltage spark discharges. The use of similar high voltage 
energy sources with commercial bridge-wire detonators at Los Alamos also showed a 
comparable reduction of timing errors. It was wrongly assumed that even with 
powerful electric discharges only primary explosives — i.e. those normally used 
for detonation of less sensitive explosives — could be used. A contract was 
arranged with the Hercules Powder Company for the production of several types of 
experimental detonators, mostly loaded with lead azide, 

15.51 Because of delays in manufacture, only a few batches of these 

■ 

detonators were received* In the meantime facilities for rapid loading of experi- 
mental detonators were developed at Los Alamos, and this local supply became the 
primary one. 

15*52 The main path of detonator development was determined by another 
discovery at Los Alamos in the late summer of 19kh» This was the fact that, with 
the high energies necessary to detonate primary explosives with small timing errors, 
PETN could also be detonated with comparable timing errors, and could not be 
detonated at all" with lower energies. This was of great importance from the stand- 
point of safety, particularly safety in battle use, because it reduced the 
possibility of accidental detonation from such sources as accumulated static charges 
or leakage from low voltage energy sources in the bomb. The use of PETN detonators 
. made it possible, among other things, to eliminate the use of "safety gates", 

mechanical separators between the detonator and the high explosive, which would 



have been a moat troublesome design problem had their use been necessary. 

15.53 Many factors were found to affect the timing or the energy 
threshold of the PETN detonators: Mechanical factors, such as the length, diamett 
and composition of the bridge wire, its location in the detonator cavity and the 
shape of this cavity, electrical factors, such as the voltage and capacity of the 
energy source, impedance in the circuit, variations in resistance between detonato 
connected in parallel; the explosive, its density, particle size and crystal form. 
These latter factors were so important that careful control of the preparation and 
loading of detonators was necessary. 

15.54 The criterion for acceptance was of course a small maximum time 
sprea<J and percentage of failures. Tests were made by oscillographic methods and 
later by photographic observation, using the rotating mirror camera. 

15.55 In the spring of 1945 the Detonator Group was burdened with the 
supervision of the preparation of thousands of detonators for field work in the 
implosion program. By the end of May the specifications for the combat service 
units had been completed, and responsibility for putting the units into service was 
taken by Group X-7 (16 .58-9). 

15.56 The Photographic and Optics Group, which before August 1944 had 
been a part of the Instrumentation Group of the Ordnance Division, was responsible 

in G Division for the development of optical instruments and for the operation of 

« *" 
technical photographic facilities. As such it was partly a service group and 

partly an experimental group. It prepared photographic and spectrographs equip- 
ment for the Trinity test. Before that it had played a substantial part in the 
Wendover drop tests. 

15.57 Besides procurement of photographic equipment and maintenance of ' 
a photographic stockroom, the Photographic Group designed and built cathode ray 
oscilloscope cameras, armored still cameras for various high explosives test sites, 
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an armored stereoscopic camera for the flash photography of imploding hemispheres 
f ) (16.12) and a cloud chamber stereoscopic system for the betatron cloud chamber 

J[ 15.23) • The group built boresights and a photo Telocity; 375 tern for the 20 
milli meter gun. It designed and developed the rotating prism and rotating mirror 
cameras (15 .54)* As with electronic, so with photographic recording of data, the 
laboratory was able to, reach a high level of perfection in accurate high speed 
work. Much of this work stands to the credit of the Photographic Group. 
Electronics 

15.5* Early in September 1944, the Electronics Group was greatly expanded 
because of the very heavy demands placed on it by the laboratory. At this time 
many types of equipment were in production. Among the standard items made were 
scalers, power supplies, discriminators and two types of amplifiers with rise tljnes 
of 0.1 and 0.5 1 microseconds. Many new pieces of equipment were designed and built, 
A scaler with a resolving time of 0.5 microseconds per stage, aiplifie^s with less 
than 0.05 microseconds ri*e time, a ten-channel pulse height analyzer/ and a ten- 
channel time analyzer were constructed. Hie group built most of the electronic 



equipment used on the betatron and much auxiliary equipment for the cyclotron, 

■ 

de Graaffs and &-D sources. It designed and built new sweep circuits, delay circuits 
calibrating circuits and a host of other circuits needed by a laboratory as large 
and diversified as Los Alamos had become. If the above gives some indication of 
the variety of work carried out by the Electronics Group, its magnitude is indicated 
by the fact that the membership of the group averaged in the neighborhood of fifty. 
These ranged from wire men to designers of new equipment. The number of 



( ^ 



construction items ranges over a thousand, and the number of service and repair 
items far beyond this figure, for the period covered. 

i 15.59 The services of this group are not reflected directly in a single 
part of the weapons finally developed at Los Alamos and for this reason are likel 
to be slighted. But it is safe to say that without its services many of the exp<? 



SESRET 

XV-20 

, raents of G Division and the Laboratory would not have been done as well, 

they would have required more time, and the completion of the bonb itseLf 
would have been delayed. 
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Chapter XVI 



Organization and Liaison 



EXFLOGIVES DIVISION 



16<,1 The Explosives Division, organized in August 1944, consisted 

originally of the Explosives Experimentation, High Explosives, and S Site Sroup 
of the old Ordnance Division. Its rapid growth from that time (see graph wo. 5 
was accomplished by subdivision of groups into sections, and by addition of new 
groups. Two organization lists -ire given below, for September 1944 and for 
August 1945: 

September 1944 

X-l Implosion Research Comdr. N. E. Bradbury 

1A Photography with Flash X-Rays K. Greisen 

IB * Terminal Observations K. Linschitz 

1C Flash Photography V?. Koski 

ID Rotating Prism Camera J. Hoffman 

IE Charge Inspection T/3 H. Tenney 

X-2 Development, Engineering, Tests K. T. 3a inb ridge 

2 A Engineering R. '.V. Henderson 

2B High Explosives Lt. F. Schaffer 

2C Test Measurements L. Fussell, Jr. 

X-3 Explosives Development and Production Capt. J. C. Ackennan 

3A Experimental Section Lt, J. D. Hopper 

3B Production Section J. 8. Price 

August 1945 

X-l Implosion Research Comdr. N. E. Bradbury 

IB Terminal Observations H. Linschitz 

1C Flash Photography ".V. Koski 

ID Rotating Prism Camera J. Hoffman 

IE Charge Inspection M/s G. H. Tenney 

X-2 Engineering R. IV. Henderson 

X-3 Explosives Development and Production Maj. J. 0. Ackerman 

3A Experimental Section Lt. J. D. Hopper 

3B Special Ue3earch Problems D. r. Gurinsky 

3C Production Section R. A. Popham 

3D Engineering Jeidenbaum 

3E Maintenance and Service Lt. G. C. Chappell 

X-4 Mold Design, Engineering 

Service and Consulting A. Long 

X-5 Detonating Circuit L. Fusoell, Jr. 

X-6 Assembly and Assembly Tests Comdr. N. E. Bradbury 

X-7 Detonator-Booster Developments K. Greisen 
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16 0 2 The following are the principal developments in the administrative 
history of X Division. The new Division was headed by G. B. Klstiakowsky, whose 
previous status had been Deputy Division Leader of the old Ordnance Division, 
in charge of the Implosion Project. Kistiakowsky was assisted by Major W. A # 
Stevens for administration and construction. Group X-4. was created early in 
October under E. A. Long and J. W. Stout. It was charged with the engineering 
of molds for S Site, research on sintered and plastic bonded explosives ( 15-.5C), 
and miscellaneous services, for the Division. A section was added to this group 
in December 1944 under W. G. Marley, responsible for some aspects of lens research. 
In November 1944 a second research section under D. H. Gurlnsky was added to 
Group X-3. 

16.3 A major organizational change occurred in March 1945, when 
Group X-? under Bainbridge was dissolved. Balnbrldge was put in charge of the 
new Trinity Project, preparing for the Trinity test. Three new groups were 
formed to continue the work of X«2: an Engineering Group under R. W. Henderson, 
X~2; a Detonator Firing Circuit Group, X-5, under L. Fussell, Jr., whose section 
of X-2 had already acquired the responsibility for the design and development of 
a firing unit for the electric detonators; and an Assembly and Assembly Test 
Group, X-6, under N. E. Bradbury. In March 1945, M. F. Roy joined the laboratory 
staff as Assistant to the Division Leader of X Division. In May 1945, Section 
X-1A was discontinued and a new group formed under K. Greisen, X»7, to carry 
through the final development of boosters and "handlebar" detonators. 

16.4 The directive of the new division was, in essence, to develop 
the explosive components of the implosion bomb. In the same sense it was the 
directive of G Division to develop the active components. These directives did 
not mark out separate areas of work so much as they did specify the directions 
from which the two divisions should attack the central problem, which was to 
produce the optimum assembly of active material. X Division was specifically; 

1. To investigate methods of detonating and boosts ring the high 
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explosive components. 

2. To develop methods for improving the quality of high explosive 

cast! rigs, 

3. To develop lens systems and the methods for fabricating and 
testing then, 

4. To develop engineering design for the explosive and detonating 
components of the actual weapon, 

5. To provide explosive charges for implosion studies in G and X 

Divisions , 

6. To specify and initiate the design of those parts of the final 
weapon for whose development it was responsible. 

16.5 Since it was the joint responsibility of X and G Divisions 
to carry out the fundamental implosion development work, these two divisions 
worked in close cooperation. Both, for example, carried out studies of implosion 
dynamics. In these studies G Division was primarily concerned with the 
measurement of the assembly velocity and compression of the bomb pit; while 

X Division was primarily concerned with the explosive techniques for achieving 
high assembly velocity and compression. But no real separation along these linea 
is possible. In practice the methods of implosion study which were already 
developed and known to be reliable remained in X Division, while G Division 
concentrated on the development of new methods. 

16.6 The division of labor between X and 0 Divisions in relation to 

* 

the implosion bomb can be described roughly by saying that the former was 
responsible for the explosive components, the latter for the case, including 
under the latter mainly what was necessary to convert such a bomb as was set off 
at the Trinity Test into a combat weapon, 

16.7 The important outside connections of the Explosives Division 
were with the Explosives Research Laboratory at Bruceton, and later with the 
Camel Project of the California Institute of Technology, Work was done also at the 




Torktown Kaval Mine Depot and by the Hercules Powder Company. A good deal of the 
early work of lens development, and investigation of possible fast and slow 
component explosives , was done at the ERL. the Torktown Naval Mine Depot 
supplied explosives and when a new type of explosive was under investigation 
supplied information on its physical and explosive properties* Hercules produced 
spark-gap detonators to Los Alamos specifications. The general liaison with 

t 

the Camel Project is discussed in 9» 15ff . . Special items related to the work 
of X Division are discussed in the appropriate sections below, 

16»8 The history of X Division, like that of the whole implosion 
project, is one of gradual development, usually in the direction of greater 
complexity of the operating mechanism. From the situation in the Summer of 1944, 
described at the end of Chapter VII, it was a long time before there was any 
real assurance of success. One of the first achievements was an understanding 
of the nature of interaction Jets, which led into the electric detonator and 
explosive lens programs. Both of these programs were complex and uncertain of 
success. Alternatives - primacord initiation and non-lens charges - -had still 

* - * 

to be worked on with fair priority. The pursuit of these various developments 
would, moreover, have been useless without constantly improving techniques of 
experiment and observation, attention to which was therefore a large part of the 
division program. 

fan-Una Ibe!*** 0 *? studies, 

16.9 The study of non-lens implosions was continued until the spring 
of 194-5, when the lens method was finally adopted and all effort at Los Alamos 
thrown into its final development ( 1D.16). The program of investigation 
included -the observation^ NLSHHF ^UKtJSf^V ^ /by various 



optical techniques, and the X-ray observation of small, ^ Mwpneres • Work 

ttf©£ DOE. 

done by the various sections of the Implosion Research Group. C^^y 
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i A good deal of theoretical effort went into the 



Interpretation of Implosion jets. Several interpretations were first proposed. 
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j The lens program, finally, 



was progressing well, and it was eventually decided to put all the laboratory's 
resources into it« 

, 1£ # 12 Three principal techniques were used in the above studies; 
rotating pyramid and rotating mirror photography; high explosive flash. photo- 
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ful timing of the X-rayf lash an< 



at Eiaximura compression was possible by care- 
the explos ive detonat ion. 





rotating prism or mirror techniques, and the high explosive flash technique gave 
shadow photography of . imploding cylinders. By a device which gave a succession of 
high explosive flashes it was possible to obtain images on the same negative at 
different stages of collapse. Hemispherical implosions were observed by reflected 
high explosive flash light, and photographed stereoscopically. These observations 
made it possible to verify predictions about jetting based on two-dimensional 



cylinder results, and served to remove the last possible doubt that the cylinder 



jets might be optical illusions. Early in 1945, this hemisphere technique 
became standard, and the cylinder work was dropped, 

16#13 Apart from timing studies and lens development work, discussed 
in the next sections, the remaining work of the Implosion Research Group also 
centered on the investigation of jet phenomena. Experimental data needed to 
test the theory that jets were caused by shock-wave interiction was obtained by 
so-called slab 3 hots. Slabs of explosive were placed on top of metal slabs and 
detonated at two or more points ♦ The effects of interaction between the shock 
waves were observed by flash photography and terminal observation. It was thus 
possible to study jetting as a function of the angle between detonation waves. 
Another type of invest Ration, which began as a check against the possibility 
that jets were caused by flaws in ca3t explosives, was the X-ray examination 
of charges. This investigation ended as a standard service examination of all 
castings, by a section set up for the purpose, X-1E. 
Timing studies 

16.1/* The experiments described above led to an understanding of 
the nature of implosive jets, and demonstrated the importance of simultaneous 
detonation. The history of this growth of understanding was of decisive 
importance for the development, and to some extent perhaps the end-product, 
of the work of the implosion project. Had the control and understanding of 
timing errors which came at the end been available in the beginning, many 
complexities in the program would never have arisen. It is even possible that 
a successful weapon would have been produced without the use of lenses. On the 
other hand there was no foundation in experience for such a development. As 
in other parts of the laboratory the .end result was not so much developed as 
evolved; it depended upon the interaction of several relatively independent 
series of investigations. 

16.15 The need for special means of initiating the high explosive 
at several points "simultaneously" was recognized from the beginning. '-That was 
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16*20 The lens program was gotten under »ay with high priority at 
the tine of the creation of X Division. At this ti»e very little waa 
known about the mechanism of explosive lenses/ These, ,inake uae of two 
explosives of unequal detonation rates, to alter the shape of a detonation wave, 
work of this sort had been done outside of Los Alamos, but noJL enough to 



provide much guidance. We give at the outset a general description of "the type 

" • 

of lens implosion developed at Los Alamos./? 
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The .inner core of active 



and tamper material is thus struck a terrific blow over its entire surface, 
sufficient to produce the desired compression and initiate the nuclear chain 



16.21 In the course of the lens program a number of major difficulties 
had to be overcome. One of the first was the choice of suitable fast and slow 
components, susceptible of fabrication into lenses subject to a number of 
requirements on their size, shape and mechanical properties* Next there was 



a set of 



.ems connected with possible aberrations in the functi< 



of 



, and not taken into account by the rather simple optical analogy from 



which they were designed. 



there were all the problems of design and 



explosives preparation involved in the actual fabrication of lenses. 

.22 The 



experimental lens work was a study by the 
Research Group of two-dimensional lenses. Its purpose was to check 



investigate 



.e aberrations. Its advantage was primarily ease 



and 

srvation 



and fabrication, which made it possible to acquire data some time before this 
would otherwise be possible. 

16.23 A number of aberrations from simple geometrical optics were. 



suggested by theoretical ana , 



iynamical analysis *of the behavior of 



detonation waves passing through the interface of the two explosives i 
that there might be a persistence of the velocity of the fast component in the 
slow, distorting the detonation wave from spherical form. It was also possible 
to show that the detonation velocity in a converging detonation wave must 



0 slowly increase < 
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— 16v?5 XIT of these difficulties were made serious by the fact that 

tine was not available to investigate them first and then design explosive lens 
molds that corrected appropriately for the various aberrations • The design and 
procurement of complicated precision molds involved long delays. In order to 
obtain molds at all it was necessary to freeze design and begin procurement 
before the correct shape 6JT the lens could be determined experimentally. Hence 

X. 

molds procured did not in general fit the fast and slow components for which 
they were designed. It became necessary to cut the coat to fit the cloth, by 
altering the composition of the components. 
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16.26 The general program of high explosives development Is discussed 
in the following section, including the additional complications arising from 
the decision to use explosive lenses. 



Explosives Development and Production 

16.27 In Chapter VII the early development of production facilities 

has been reviewed. After August 1944, the story is one of continual expansion, 

constant training of new personnel, and research on better and more reliable 

production methods. The size of the undertaking is indicated by the records of 

» 

X Division, which show that in a period of eighteen months some twenty thousand 
castings of adequate experimental quality were produced, and a much larger 
number rejected through quality control tests. At its peak, S Site used some- 
thing over 100,000 pounds of high explosives per month. Seven or eight differ- 
ent explosive materials were used in castings, in an enormous variety of shapes 
and sizes. The principal explosive used was Composition B. Others used in 
smaller quantity Were Torpex, Pentolite, Baronal and Baratol. Casting methods 
were used wherever possible. In some of the lens experimental work slow com- 
ponent explosives were produced by hand tamping, until castable siow explosives 
were obtained. Some development was carried out at the Explosives Research 
laboratory of precision pressing techniques, but without encouraging results. 

16.28 It may perhaps be thought that in such a field as high 
explosives casting there was an existing art which could be made use of at Los 
Alamos. This unfortunately was not so. Military techniques, for loading explosive; 
are crude when measured by such standards as were needed in the implosion. Very 
little scientific work had ever been done in the field, and there had been very 
little incentive to regard high explosives as possible precision means for prod- 
ucing phenomena outside the ordinary range of experimental physical techniques. 
But just such an incentive was created by the requirements of the implosion 
program at Los Alamos. Hence many of the problems faced were new. Their solution 
was undertaken primarily by the Explosives Development and Production Group. 
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16«30 Various casting techniques were investigated before adequate . / * 
results were obtained. The basic techniques that were used successfully ' 
involved the casting of a larger amount of explosive than needed with such control 
of conditions that the imperfections were concentrated in a part of the casting 
which could subsequently be machined off. This technique involved the use of 
risers , or overcasting by removing the top of the mold and filling to a height 
greater than needed . 

16«31 The machining of explosives, entailed by the use of risers 
and of overcasting techniques, became a well developed art at S Site and was 
the greatest innovation introduced in the manufacture of explosive charges* By 
removing the top section of the casting (in which its imperfections had been 
concentrated) a charge meeting the necessary standards of quality was obtained. 
This machining program required close cooperation between the explosives groups 
concerned and the Shop Group ( 9*49). Holding Jigs and cutters finally used 
represented several months of development and experimentation. The earliest molds 

• ■ 

were designed so as to minimize machining by the use of small risers. But this 
design was responsible for most of the troubles in lens mold production. For 
the Baratol castings, overcasting and large-surface machining were resorted to. 
This kind of machining is normally considered very dangerous, and its development 
is- considered ac a revolutionary development in explosives manufac taring. By 
careful design and control of operating conditions all hazards were virtually 
eliminated, as is shown, by the fact that more than 50,000 major machining 

operations had been conducted by the end of the war, without detonation of the 
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.33 Quality control of explosive castings was accomplished partly 
by destructive teste, i.e., by their use in the field. Other methods included 
physical measurements and chemical analysis. One of the most useful methods was 
X-ray and gamma ray examination, which gave data on all castings^ used. When 
Baratol castings came into prominence, it was found that X-rays were absorbed 
by the barium. Gamma ray inspection, using the radiation from large radium 
eources, was resorted to. This inspection work, had an important effect on the 
explosives program as a whole, and particularly on the lens program. 



oauTEo 




Explosives Production 

16.34 During all its history, S Site was forced by the growing demands 
for explosives production to grew at a rate fa'eter than the completion of 
facilities and arrival of personnel would easily allow. That S Site successfully 

w * 

fulfilled its objective is largely the result of faithful and efficient work by 



the soldiers who constituted 



2P,«ReX-c cnt of its staff. 
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16.35 S Site, or Sawmill Site as It was originally called, was 
placed in limited operation in Kay 1944 after a winter of cone true t ion and 
difficult equipment procurement. It was subsequently enlarged, and its equipment 
completely modified* 

16.36 All early castings made in the large casting buildings at S 
Site, were cylinders of Coopoaition B, ranging in weight from 30 to 500 pounds. 
Small castings of Pentolite at that time were being cast at Anchor Ranch casting 
room which had been placed in operation in October 1943* This small casting 
room was equipped with four kettles of two gallon size* It continued to furnish 
very small cylinders and special castings of Fen tc lite throughout the war. 

16.37 Experience gained from an examination of the cylinder castings, 
made by the Standard methods of ordnance practice, showed that extensive 
research would be necessary to produce large castings with the required quality* 

16.38 As a result, a ifeaearch and Development Section was set up In 

* * *» 
June 1944* It started with four men but was enlarged throughout the war as 

qualified men could be assigned to the work* Initially a building suitable for 

experimental casting research was not available. Building S~28, the trimming 

building, was used temporarily until the laboratory buildings were completed in 

September 1945. 

16.39 Early research was confined to the determination of the nature 
of the explosives and to the problems of securing in castings a quality adequate 
for the testing program. Little time was available for the longer range program 

^of making large castings of uniform quality. 

- 1 
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' The nature of the work demanded that the mei 
enough to put into safe production use with equipment which would be obtainable 
under wartime conditions. 
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16*41 Beginning In November 1944 the experimental work was divided 
Into two fundamentally different parts; the first was the solving of problem* 
encountered in making high quality large castings with slurries, and the second 
was the development of methods to manufacture explosive lenses* 

16,42 The adoption of lenses imposed upon S Site a tremendous 
development program not only in the research for, but in the production of many 



. & forms of lenses . 
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part of the research work conducted in late 1944 and early 1945 was directed 
toward the production line manufacture of small-scale lens charges* 

16.43 Incidental items of research Included the development casting 
of special explosives such as Torpex and Baronal* 

16*44 When the use of lenses became a certainty late in 1944 the 
designs for a series of lens molds were frozen* These molds covered the 
range of predictable explosives rates and lens sizes, from small to full scale* 
This freezing of design was a wise decision, as It permitted meeting schedules 
later* On the other hand it greatly increased the burden on research, to make 
available molds work in spite of their known deficiencies* 

16,45 As research entered its final wartime phase in February 1945 • 
with the adoption of cast Baratol ^-Composition B lenses, research was directed 
feverishly to the development of almost foolproof methods for manufacturing full 
scale lenses and inner components of very high quality and reproducibility* 
As ultimately manuf a c tur ed , these charges were reproducible to very close tole« 




16,46 Throughout most of 1944 f production of charges in large quantity 
was not required. Late in 1944 the demand for various sizes and shapes of casting 
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increased greatly as a result cf the introduction of new methods of studying 
implosion and the general growth of the Laboratory staff. The new testing 
methods included the bst&tron, X-ray equipment, new mirror camera installations, 
Rala, flash X-rays, the magnetic method and the "pin" method. These tests stimulated 
requirements for lenses as well as solid charges, 

«»— • 

16.47 As a result of these increased requirements a new small 
casting line, consisting of five buildings, was constructed between December 
1944 and March 1945. This line was designed to meet the then predictable 

-requirements for small castings, OBUTED It later was called 

upon to meet more. varied requirements in the lens program. It was in this line 
of buildings that the quantity production of small lenses used in the testing 
program was conchicted. 

16.48 The adoption of Baratol lenses and full machining of charges 
for the full-scale unit called attention to* the inadequacy of facilities for 
full-scale work. Buildings S-25 and S-26 were, therefore, built for this 
purpose between march 1945 and June 1945* 

16*49 Because of increased demands for full-scale high quality 
castings not only for Trinity but for combat use, manufacturing, research and 
control were intermingled during June and July 194.5* New problems arose 
continuously, involving major changes in process and control* The requirements 
for inspection, both by physical measurement and. by gamma and X-ray examination, 
increased so greatly as to make the success of this phase of engineering one of 
the primary accomplishments of the period. 

16.50 Throughout the work at S Site, it was common to speak of 
"production casting"* This was really a misnomer, as all castings were of 
tailored quality and were produced in reasonably small quantity in a large variety 
of molds. Such production differed from ordnance production not only in that its 
maximum monthly output of 100,000 pounds of castings would be one day^ run of 
a standard ordnance line, but more significantly in that it consisted of thousands 




XVI- 18 



of high quality charges one pound to 120 pounds in size compared with a small 
number of large units weighing thousands of pounds each. 

16.51 Because of the requirement of the site for men with scientific 
or explosives experience and willingness to work with explosives, each new 
request for assignment of enlisted men or civilians was followed by a long 
delay. The site was always hampered in its work by a shortage of manpower. 

On the other hand the growth in manpower which did occur made the training of 
new men a continuous problem. 

16.52 Similarly, the general shortage of personnel available to 
the construction contractor delayed construction at S Site. It was necessary 
always to reduce building requirements to the minimum in order to meet time 
schedules. 

Recovery Program 

16.53 Th« early work of the recovery program has been discussed in 
Chapter VII. This was one of the branches of the Iaboratory*s activity which was 
dropped, after extensive research and development, for reasons extraneous to the 
program itself. It was argued, originally, that the chances for a nuclear explosion 
at the first test might not be great, and that in this case it would be necessary to 
recover the active material. As the time approached for the test, however, two 
arguments were sufficient to justify the abandonment of recovery plans. One was 
that with the weapon finally designed the chances for no nuclear explosion became 
very small; the other was that the use of a containing sphere or "water baffle" 
would make it quite difficult to obtain information that would explain a partially 
successful nuclear explosion, by this time a more realistic worry than complete fail- 
ure. Hence when the first test was made, Jumbo, which was such a magnificent piece 
of engineering, stood idly by, half a mile from the test tower. After the test 
Juribo was unscathed; but its crumpled rigging tower was a preview of the damage to 
steel structures in Japan. 



16. 54 The specifications for Jumbo bad been that it must, without 
rupture, contain the explosion of the implosion boob's full complement of high 
explosive, and peroiit subsequent mechanical and chemical recovery of the active 
material. 

36.55 The final design of Jumbo was the elongated elastic design 
described in Chapter VII. An order was placed for this container early in 

August 1944| with the Babcock and Wilcox Corporation. It was delivered to 

> « - 

the test site In Kay 1945 and erected on its foundation. Because of Its size 
(about 25* b/ 12') and weight (214 tons) Junoo had to be transported to the 
nearest rail siding on a special car over an indirect route to prcvide 
adequate clearance. From the siding it was transported overland to the. test 
site on a special 64-wheel trailer. 

16.56 Jumbc was constructed from./the design of R. W. Carlson. 
Numerous tests were made with scale model "Jumbinoa" to determine their ability 
to contain charges without rupture. 

■ 

16.57 The other recovery method investigated in this period -was the 

"water baffle", in which fragments were stopped' by a 50il ratio of water to 

* * 

high explosive mass. This work was dropped before conclusive results were 

obtained, but showed that high-percentage recovery would be difficult to achieve. 

For use in recovery experiments, a shallow concrete catch , basin, 2QQ. feet in diame 

* - 

was constructed at Los Alamos. 

The Deto na ting Sy stem 
■ " ■ 1 ■ " ■ ■'■»■■ 

16.56 The main development work on electric detonators was carried 
out in the Electric Detonator Croup of G Division. But the detonators designed 
there were primarily intended for experimental work, either on detonators 
themselves or for faring experimental charges. Detonators for the weapon had to 
satisfy further requirements, such as durability, ruggedness, and reliability. 
Peliability was a particularly important "consideration. The implosion bomb 
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finally adopted had dflUHMV initiation points, and a failure or even a 




serious time lag in one might mean the failure of the implosion. Hence the ~fc}C$) 
) • probability of failure in any one detonator had to be^ 

order to assure a probability"^ BR HD I detonators would function 

L ■ — — . 




correctly. Sufficiently numerous test statistics were impossible to obtain in the 



$1 '"^ PHLMP BD ^Jlnis^problerH was assigned to Section X-1A, 



1 which in May 1945 acquired the status of a separate group, X-7» Its work of devel- 
^)()^ oping and testing these MBUWBU detonators proved more difficult than 
^^>3 had been anticipated, and was completed only a few days before the Trinity Test. 

16*59 The firing of the electric detonators was accomplished by dis- 



charging a bank of high voltage condensers through a suitable low inductance switch. 
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One type of 



switch extensively developed, and used in experimental work when accurate timing 
* was required, was the so- called explosive switch. In this switch electrical 
;i contact was made by the detonation of an explosive charge which broke through 
A a than dielectric layer between two metal discs, between which the high volt- 
age then passed. This ©witch was made doubly by the use of four semicircular 
discs. Its disadvantage was that it could not be tested before use. Because of 
this an alternative switch was finally adopted, an electronic device resembling 
the thyratron. This switch operated between two electrodes, the discharge being 
q triggered by charging a third, "probe" electrode to a suitable high voltage. 
^^P^ These switches were able to pass . currents/"" DKLKTED )in a fraction of 



a microsecond, with timing accurate to a tenth ^f a microsecond. The firing 
units incorporating them were built by the Raytheon Company. Delays in their 
production made it possible to test only a few of them before the Nagasaki drop. 



EpglP«?rt"Ki T^tlpg, Assembly 

16.60 The division of labor between the Explosives Division and the 
Ordnance Division has been described above by saying that the fon&er was 
responsible for that part of the completed weapon which would be tested in the 
Trinity Test, the latter for its use as an airborne weapon. But those components 
.for which X Division was responsible had to be developed to the point of adequacy 
in combat use; this included the inner charge and lenses , tone tors* 
and the firing circuit. In addition to developing these elements, the engineers 

of X Division worked with the engineers of 0 Division in designing their assembly 

-' * 1 j 

within the . Fat Man case. Once this 5 design was completed, it had to be given 

assembly tests, and tests for reliability and ruggednees under conditions of 

combat use. Assembly design was the work of the Engineering Group. Assembly 

tests were the work of " the same group, until the formation : }gt this purpose of . 

a special group, X»6, in March 1945« The latter group also collaborated with 

other interested groups in the drop tests at Wend over Field. ( 19*3 ) 

16.61 Aside from lrlecelle^nepus engineering work for the Division, 
the Engineering Group was at first responsible for the design of high explosives 
molds, particularly lens molds of various types and sizes* Mold development 
and procurement becane such a serious bottleneck by October 1944 that the 
engineering of molds was made one of the main reponeibillties of the new 
Engineering Service Group established/at that time, A system was developed 

1 

by which experimental molds were built in the Los Alanos shops, while the 
same designs were sent out for outside procurement* These outside orders were 
closely followed, with local shop experience as a guide* When the Camel Project 
came into existence, its engineering group -gave valuable assistance in 
expediting procurement In the Los Angeles area* Eren so, the bottleneck 

• ■ 

remained and it was only by a matter of days that enough final full scale 
lens molds were obtained for the Trinity Teart. 



Chapter XVI I 
(?HKMLSTKY AND METALLURGY 

J7»l In August 1945 the Chemistry and Metallurgy Division h..d evolved 
to the ^following group organization u 



CM-1 


Service Group 


K. 


h. Dunlap 


CM-2 


Heat Treatment and Metallography 


G, 


L. Kehl 


CM-4 


ftadiochemistry 


L. 


Helmholtz 


CM- 5 


Plutonium Purification 


C. 


S. Gamer 


CU-^> 


High Vacuum liesearch 


3. 


I. Weissj&an 


CM-7 


Miscellaneous Metallurgy 


a • 


U. Seybolt 


CM-8 


Plutonium Metallurgy 


E« 


R. Jette 


CM-9 


Analysis 


H. 


A. Potratz 


Clt-11 


Uranium Metallurgy 


3. 


Marshall 


CM-12 


Health 


W. 


H. Hinch 


CM-13 


D P Site 


J. 


E. Burke 


CM-14 


RaLa Chemistry 


G. 


Priedlander 


CM-1 5 


Polonium 


I, 


B. Johns 


CM-16 


Uranium Chemistry 


K. 


Wieners 



This organization evolved by the following step3: 

1) In September 1944 Group CM-3, Gas Tamper and Gas liquefaction, was 
transferred to ; the new Explosives Division. 

2j In April 1945 the following changes occurred: Uranium and plutonium 
chemistry, formerly concentrated in C&-5> was divided between CM- 5 and a new group, 
CM-16. CM-1 was divided into a Service Group (CM-1) and a Health Group (CM-12 )• 
the old Radiochemistry Group (CM-4J w<is split into three grouy^s, with CM-14 and 
CM-15 taking charge of Ral^i and polonium work respectively, rt. W. Dodson, former 

-m 

group leader, became Associate Division Leader in charge of radiochemistry. C. C. 

Balke, former group leader of CM-7, left the Laboratory. Miscellaneous metallurgical 

services were transferred to this group with its new group leader, a. U. Seybolt. 
CM-11 remained as the Uranium Metallurgy Group. CM-10, the Recovery Group, was 

absorbed into the new D P Site Group, CM-13, 

17,. 2 These changes were motivated primarily by the ax^inn ^on of radio- 
chemical work associated witn the expanding KaLa implosion studies and the preparation 
of polonium for the implosion initiator program, and by the need to streamline the 



processing of uranium and plutoniuia, arriving in ever increasing quantities. 

•17*3 The transition to large scale operation involved a constant 
growth of personnel in the Division, and a constant expansion of laboratory, shop 
and plant facilities. The main steps in this physical expansion were the complf .lio? 
in August 1944 &f a large annex to D Building; the completion of the metallurgy 
building, Sigma Building, in October 1944; the construction of the RaLa Chemistry 
Building in Bayo Canyon in November 1944. The last and greatest addition was the 
chemical and metallurgical production plant, DF Site. The first buildings of this 
site were completed and being occupied in the sumner of 1945. 
Uranium Purification and Recovery 

17.4 The flow of beta stage enriched uranium received from the Y-12 
plant was generally as follows: The material was received as a purif ieS fluoride, 
and reduced directly to metal. For hydride experiments the metal was converted tc 
hydride and formed by plastic bonding. When hydride or metal experiments were 
completed the material was returned for recovery, as in the meantime were crucibles, 
liners and other containers that had been used in fabrication. Recovered solutions 
were converted to hexanitrate, extracted with ether, and precipitated as reduced 
oxalate. The oxalate was ignited to oxide and converted back to the original 
tetrafluoride* 

17 • 5 The essential step of purification was the ether extraction method 
that had been developed at the end of the first period (B.13). This method was 
also applied by the radiochemists to the decontamination of water boiler solutions, 
and by the Recovery Group in experiments on test-shot recovery methods. In April 
1945 uranium recovery and purification was concentrated in a new group, CW-16. 
Before that time extensive investigations had been made to determine the best 
reagents and ion concentrations for the extraction. 

17.6 The dry purification step— reduction of UO2 to UF^— was developed 
to a point where fluoride yields were as high as 99. 9$. Fluorination of the tri- 
oxide and oxalate were also investigated. 



17.7 The studies of recovery from liners and slag revealed the necessity 
for complete dissolution of these materials prior to recovery. Lther extraction 
fas then employed. Continuous extraction apparatus was designed and built by the 
Recovery Group, capable of extracting a large volume of solution per hoi.r, and giving 
recovery yields averaging better than 99.9%* The average amount of uranium rer^in- i 
ing in stripped solutions w.-.s not more than 60 micrograms per liter. 

17»8 A very difficult research problem, undertaken by the recovery Group, 

/■ 

was that of recovering active material in case or a test shot failure, ltecovery of 

similar ranter 

uranium dissipated through a 1 *rge volume or sand, sawdust and/ was attempted. This 
was in imitation of the conditions that would obtain if the bomb material were 
scattered over a large area by high explosives. Recovery by this method was found 
to be very poor. Recovery from staled containing spheres was entirely successful. 
A 3/4 inch sphere of uranium, scattered explosively Inside) of a 12 inch "Jumbino" 
containing sphere, was recovered about 99%. 

17«9 By ,mgust 1944 it was possible to obtain metallic uranium with a 

neutron count below tolerance. A number of developments after* that date y*ere essential, 

235 

however, to the final U weapon. The principal topics are the stationary bomb re- 
duction, uranium renelting, uranium forming, cladding and protection of surfaces, 
use of uranium sponges and production of final weapon parts. 

17*10 After the adoption of the stationary bomb reduction 
technique a large number of minor improvements were made. A better product 
was obtained by increasing the bulk density of the tetraf luoride to be reduced. 
A wide survey of liners was mads, resulting in the final choice of two: one 
a magnesia liner d eve loped by the Miscellaneous Metallurgy Group, the other a 
magnesia plus silica liner developed at the Massachusetts Institute of Technology. 
Other investigations included the affect of impurities in the calcium reductant, 
grain si*e, firing technique, and the use of inert gases in the bomb. The net 
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result of this research was a very high yield of high purity, well consolidated 

» 

metal* 

17.11 Work on uranium r melting was begun in June 1944. This process 
served the double purpose of driving of/ volatile impurities and preparing the 
metal for shaping. A great deal of trouble was encountered in obtaining crucibles 
that would not crack on cooling. Magnesia and beryllia were finally used, with 
special heating methods. 

17.12 Techniques for forming uranium were intensively investigated 
after August 1944* Three main techniques used were casting, hot pressing, and 
rolling. Both magnesia and. graphite molds were used successfully for casting. 

A serious difficulty was that of melting large amounts of uranium but the trouble 
was overcome by resistance heating. Investment and centrifugal casting were 
tried, and the latter adopted as by far the best. Hot pressing was not used in 
preparing parts for the full sized gun assembly; it gave no greater accuracy than 
casting. It was used, however, for smaller pieces, including hemispheres for 
sphere multiplication experiments , and the preparation of slugs for rolling. 
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17.13 A variety of cladding techniques were investigated, including 
electroplates of gold, zinc, silver, and later nickel and chromium. Chromium 
gave the best, but still inadequate, protection. Evaporated metal techniques 

I* — . — 

proved better/ 
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17.34 Low density compacts of uranium were prepared by sintering 
metal powder obtained from decomposition of the hydride. These had densities 
ranging from 1 to 6. Protection against spontaneous combustion and corrosion 
was obtained by treatment wi th nitrogen, which formed a nitride coating on the 
metal, 
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17.15 The culminating work of the Uranium Metallurgy Group was the 



casting of the final parts for the Hiroshima bomb. This work had been scheduled 
more than a year before for completion on July 26, 1945 • It was in fact completed 

, juiy au ^ ~ muted mu m> J 

{ lWh»*«P ^ J After the first drops and the end of the war, the 

casting equipment was rebuilt for static casting of V m mm *" "** 

(20.2), in graphite or investment molds. 




Plutonium Purification 



17 # 16 The plutonium purification program was of course the most directly 
affected by the abandonment of the plutonium gun program in August 1944. By the 

standards of that prpgram considerable success had already been achieved, however* 

♦ 

Plutonium had been obtained with a neutron count which was within a factor of ten 
of the original goal (see Appendix 5). With the newly established tolerance limits 
fifty times the original figure, successful purification had been more than 
„ achieved. 

17.17 Concentration of effort in plutonium purification after this time 
was upon simplification, production routine, efficiency, and the plutonium health 
hazard. 
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TOT PURIFICATION 
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17.13 Shortly after the beginning of this period the first completely 

enclosed full scale apparatus was completed. The full run of 160 grams required 

*> ■ 

24 hours , with about sixty litres of supernatant remaining for recovery. Aside 
from minor difficulties and improvements, this represented the completed form of 

t 

the "A" process of wet purification, described in Chapter VIII (3.30). 

17.19 . Early in 1945 investigation and testing of a "3" and "C" wet 
process began. The "B" process, the one finally adopted for routine plutonium 
purification, was simpler than the "A" process, and gave higher yields and a 
smaller volume of supernatants . It involved only two steps: an ether extraction 
with calcium nitrate, and an oxalate precipitation. The process met purity 
requirements and gave a product satisfactory for further processing. In July 1945 
the "A" process was dropped completely. In August 1945 five 160 gram units were 
set up in D Building;^ DELETED DELETED ) 

17.20 For a time some thought was given to an even simpler "C" process 
involving only an oxalate precipitation. Purification, however, was not sufficient. 
The following chart gives the essential information on the "A" and n B" processes. 
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"A" Process 



"B H Process 



Ni trate s from X or JV 



Pu + + + 



I 



reduction with dilute 
HNO^ and HI 



H 2 C 2 0 4 



and HKO-, 



Pu 2 (C 2 0 4 ) 3 , 9H 2 0 

| oxidation with NaBrO. 

Pu0 2 

I 

NaPu0 2 Ac^ 

HNO3 



1 



PuO, 



PuO- 



ether extraction 
with NH^NO^ and HNO3 

reduction with dilute 



HNCXj and HI 



I 

Pu + + + 

I 

^2^ 2 °kh 9 9H 2° 



Nitrates from X or *.Y 



oxidation 



Pu0 2 



+ + 



ether extraction 
Ca(N03) 2 and HNO3 



PuO- 



+ + 



reduction with 
dilute HNO3 and HI 

Pi, + + + 

H 2 C 2°4 



Pu 2 (C 2 0 4 ) 3 , 9H 2 0 

yield near 100 per cent 
supernatant s 30 - 40 litei 
10-11 hours run 



yield 95 per cent 
supernatant 60 liters 
16-24 hours run 
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DRY CONVERSION 

17.21 After it was decided to employ only fluoride metal reduction 
(8.43), effort was concentrated on the production of the fluoride. Three methods 
were investigated, involving nitrate, oxalate and oxide hydrofluorination. The 
method finally chosen was the oxide method, which involved the conversion of the 
oxalate from wet purification to oxide by heating in oxygen, and introducing 
hydrogen fluoride at 325° C in the presence of oxygen. The process involved a 

24 hour cycle, and gave yields of 92-99#. 
RECOVERY 

17.22 Aside from recovery methods developed earlier (8.34 ff)> the 
principal development of this period was that of peroxide precipitation. Of the 
four steps first employed— oxalate precipitation, ether extraction, sodium plutonyl 
acetate precipitation and a final oxalate precipitation— the ether step was elim- 
inated, and the sodium plutonj^l acetate step used only for rather heavily contam- 
inated material. 

17.23 The danger of plutonium to the health of operators was greatest 

in the recovery operations. The need to vary procedures to fit the type of contam- 
ination involved made the development of enclosed apparatus difficult. 3uch 
apparatus was in fact not developed until after the period covered by this history 
(November 1945 at DP Site). The main safety effort was perforce the careful 
monitoring of personnel; those who showed exposure in excess of body tolerances 
were taken away from further exposure until counts returned to normal (9.30). 
Plutonium Metallurgy 

17.24 When the new purity tolerances were established, all metal reduc- 
tion methods were eliminated except the stationary bomb reduction of the tetra- 
fluoride. V/ork continued as before in the field of crucible research for remelting. 
It became possible however to use magnesia, since with increased tolerances the 
danger of magnesium impurities was less serious. A good deal of research was done 
on the physical properties of plutonium metal, since more than two alio tropic 



phases were suspected, and this was of primary importance in forming operations. 
Work began on alloys, with the purpose of finding one that" would keep a high 
temperature phase stable at room temperature. The stable room temperature phase, 
called the alpha phase, is brittle and difficult to work with. Fabrication opera- 
tions were investigated, as were methods of surface cleaning and protection. 
Because plutonium is highly susceptible to corrosion, these were far more impor- 
tant topics than in the case of uranium* 

17*25 The techniques of metal reduction and remelting were well estab- 

( 

lished by August 1944. This work of course* was on a very small scale, and the 
techniques had to be adapted to large scale operation as more plutonium became 
available. 

* 

17.26 Within the limited time available to them, the metallurgists made 
rather extensive studies of the physical properties of plutonium. The first trans- 
uranic element manufactured in kilogram amounts proved to have a remarkable physical 
structure. It exists in five distinct allotropic forms between room temperature and 
the melting point, labeled in the order of temperatures at which they are stable 

* 9 y 9 X * A* ** * It is very electropositive, but. had the highest electrical 
resistivity of any metal. It is very corrosive in water and air. 

17.27 Of all the phases the a $ or room temperature phase is the den- 
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Because however this phase is brittle, and the 6 and t phases malle- 



able, the material was pressed at 6 phase temperatures. When a series of hemi- 
spheres were cast by this method for multiplication studies, warpage and p racks 
appeared after the metal stood a day or so at room temperature. Evidently higher 
temperature phases were being retained for a time at room temperature, the warping 
- and cracks being caused by a delayed transition to the denser phase 
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17.30 While cleaning and etching plutonium surfaces caused no serious 

■ * * ■ 

problems, that of protective coating did. A large number of electroplated and 
evaporated metal' coatings were tried, and electrodeposited silver was decided upon 
for the Trinity hemispheres. At the last minute, however, small pinholes were dis- 
covered in the coat as well as blistering caused by the retention of small amounts 
of plating solution under the coat # Since the scheduled test was only a few days 
away, it was decided to use the material in this conditio^, with the blisters 
polished down to restore the fit of the hemispheres,^ 
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Miscellaneous Metallurgy 



17»31 Tfte principal metallurgical work of this period, other than 
uranium and plutoniura metallurgy, was that of the Miscellaneous Metallurgy Group 



in fabricating 
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the gun tamper, beryllium for the urchin 



initiator, crucibles and refractories and some boron compacts. 
17*32 The fabrication 
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in larger pieces than had been 



made previously was the outstanding accomplishment of this group. Pieces were 
formed weighing up to 300 pounds, ; 
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These studies gave information on the time-tjamperature— pressure relations necessary 
to achieve uniform high densities. 

17*34 Beryllium metallurgy was confined to the production of initiators. 
The Metallurgy Group cooperated with the Initiator Group of G Division in micro- 
scopic and macroscopic . examinations of flow characteristics and structure of the 
metal after implosion. ( 15*41 ff)» 
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r .36 In/- crucible research cerium sulfide continued in use for some time 
• after the lowering of purity standards . The material finally adopted for all- 
plutonium and uranium crucibles and liners was a vitrified magnesia developed by 
the Miscellaneous Metallurgy Group, and manufactured at Los Alamos, at the 
Massachusetts Institute of Technology and at Ames. 
Radlochemistrv 

17«37 The principal developments in radiochemistry after August 1944 
were the following: The implosion initiator program was gotten under way, and the 
staff, of men in this program engaged in polonium research was increased. Radio- 
lanthanum work, in collaboration with the RaLa Group, was carried out at the Bay© 
Canyon laboratory. These two groups were formally separated off from the Radio- 

• t - 

chemistry Group in April 1945. Work began with the high-power water boiler, with 
its consequent problem of decontaminating highly irradiated uranium. . Foil chemistry 
was continued. A new sensitive neutron detector was developed. A calorimeter was 
built for polonium work. ; A microtorsion balance was constructed foV use in the 
determination of the* mass purity of samples. 

* p * 

POLONIUM * 

— — . . . - , . _ 

17«33 The use of polonium for the implosion initiator represented a 

major technical achievement, which moreover involved a good deal of basic research 
into; the chemical and "metallurgical" properties of this element. Investigation of 
this element might be said to be as novel as that of plutonium. 

17*39 The main problems were these: first, to prepare polonium of suf- 
ficient purity to meet the neutron background tolerance; second, to prepare high- 
density uniform foils; third, to coat these foils against polonium and alpha part- 
icle escape. It must also be said that this work is hazardous, both because of the 
high alpha activity of polonium, and because of its extreme mobility. It is 
virtually impossible to work with polonium and avoid entrance of the material into 
the human system. It is also eliminated rapidly, however, and does not settle in 
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dangerous concentrations in t^ie bone, as do radium and plutonium. The' full extent 
of the polonium hazard can only be determined with* time. Pragmatic safety rules 
were intended to minimize and detect polonium absorption. Persons with more than 



a tolerance dose were removed from possible contact with the 
counts dropped below tolerance. > 



'ial until urine 



17.A0 After the first haff %urie, Jwhich was recovered from residues from 
the polonium used at Los Alamos was obtained from bismuth irradiatec 



in the Clinton pile. Polonium was separated from the bismuth at two plants 



the 



Monsanto Chemical Company in Dayton, Ohio. This material was deposited on platinum 
foils and shipped to Los Alamos in sealed containers. Much trouble was encountered 
throughout by migration of the polonium off these 'foils, on to the walls of the 



container. 



lough 



>1 Polonium purification was primarily the responsibility of Monsanto, 
research on chemical purification and purification by distillation 



was done at Los Alamos. 

. 17.42 Three methods were used to obtain high density polonium deposits 
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17*44 The migratory nature of polonium has been mentioned. It is pre- 
sumably caused by the recoils of polonium atoms from alpha particle emission, j ' 
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17i46 Other work of the polonium chemists was chiefly the preparal 
of ( a,n) neutron aourcea^fbr ^the experimental phjraicista. Of these the most 
complicated were the moc&? iasibn sources inferred to in 12.11. 

WATER BOILER CHEMI5THI . v*' 

■ ■ '• '•' *' 

, 17*47 Work on' the*. low power/ boiler ended in August 1944, and operation 

of the high power boiler waa begun in December 1944# It was decided to use the 

* : '-'\,. <••* ' 
nitrate in the second boiler, so the first Job of the radiochemists was the re- 

purification and conversion of the olit material from sulfate to nitrate. The 

main reason for choice of the nitrate was that the nitrate had te be used in de-. 

contamination, (ether extraction); the "nitrate also was found to be slightly less 

. . »,* 

corrosive than the sulfate* .. 

17«4£ ' It became necessary to build a "hot" ch^nistry laboratory and 
remote control decontamination apparatus. ' Research was carried out in collabora- 
tion with the Recovery Group on the use of the ether extraction method. 

17*49 Ihe remote control apparatus was placed behind a thick concrete 

^^^^^^^^^^^^ 



wall. The irradiated material was run directly from the boiler into an under- 
ground tank. From there it was pumped up into the extraction column by means of 
air pressure. After extraction of the solution it could be run back into an 
underground vault, or let out into the "hot" laboratory if concentration was 
desired. Concentration was carried out behind a shield of lead bricks, 

17#50 The heavy irradiation of the nitrate in the boiler catwed de- 
composition and loss of nitrogen. This caused precipitation of the basic nitrate. 
To avoid this, frequent analyses of the boiler solution were made, and nitric acid 
was added to make up the deficit. 
RADIO- LANTHANUM 

17«51 The first remote control apparatus mentioned in 3.70 was developed 
largely before August 19UU but its first use falls in the period after that date, 
and the entire subject is discussed in this place. The determining feature of the 
Ralzi chemistry! essential to the RaLa method, was the enormous radioactivity involve* 
A single batch of material could represent up t© 2300 curies of activity, 

17.52 The isolation of radio-barium from the fission products of the 

Clinton pile was arranged in April 19AA» The material received from Clinton con- 

1*0 HO 

sisted of a mixture of Ba and Ia . After arrival, the short-lived lanthanum 
had to be separated from its parent barium. 

17 #53 The first control apparatus and associated means for separating 
lanthanum from barium was designed as protection against about 200 curies of 

4 

activity, and operated by the so-called phosphate method. In small scale tests, 
the separation of the lanthanum from about 100 times its mass of barium was found 
to be nearly quantitative when the phosphate was precipitated from an acid phos- 
phate solution. But in full scale practice the method did not turn out well. 
Difficulties were encountered because of long 'filtration times and strong hydrogen 
ion dependence. 

17.54 As the RaLa method was developed, moreover, the requirements on 
source strength and dimensions became more stringent. It became necessary to 
develop a new and better method. This method would have to provide shorter fil- 



tration time and precipitation on a smaller filter area, and would have to give 
good separation with higher yield. And the operators would have to be given pro- 
tection against higher activities, 

17*55 In March 1945 work began on a new method, with collaboration 
between the radiochemists and the Plutonium Chemistry Group and Recovery Group, 
For greater radiation protection the controls were removed to a distance of 90 
feet. The separation method developed was a hydroxide-coca late process. lanthanum 
hydroxide was precipitated with sodium hydroxide, filtered on a platinum sponge 
filter, dissolved in nitric acid, and reprecipitated with oxalic acid; the oxalate 
was allowed to stand approximately 25 minutes, and then a small quantity of hydro- 
gen fluoride was added. The resulting precipitate was crystalline, which could be 
filtered rapidly on a small area and was not affected by intense radiation. 

17 #56 Half-life measurements of carefully purified Ia*^ gave a value 
of AO. A hours. 

INSTRUMENTS AND SERVICES 

17«57 Mention has been made of boron trif luoride investigations for 
filling proportional neutron counters. The preparation of very pure trif luoride 
was investigated, as were methods of recovery of the costly isotope 10 from 
counters no longer needed* In addition to filling counters in large numbers as 
a service to the experimental physic is ts f the radiochemists developed a very sensi- 
tive counter, the "quadruple proportional counter", for quick measurement of weak 
neutron sources, 

17»58 Among other important services a large number of foils were pre- 
pared for the experimental physicists. The essential problems and accomplishments 
of this work have already been described. 

17»59 A calorimeter was built for use in connection with the measurement 
of the half-life of polonium. A microtorsion balance was constructed for weighing 
polonium samples. The comparison of weight and activity of samples was found to 
be a reliable method of purity analysis. 
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Analys \ 3 

17 # 60 In the early work of the Analysis Group, the rain emphasis 

^ had been upor^the determination of very small amounts of light element impurities, 

( After the discovery of Pu . however, the need for strict contamination control 

was eliminated, as was that for further research on methods for determining 

these elements. Tolerance liaits were easily determined by existing methods, 

and it became possible to turn attention to investigations which had previously 

been secondary, particularly in heavy element analysis, ^he Analysis Group 

devoted increasing effort to the problems of the metallurgists, to improvement 

of instrumental techniques and development of routine methods, ^he following 

is an outline of the principal analytical methods investigated after August 1944, 

1. Spectrochemical methods 
a* Plutonium 

(1) The cupferron method for heavy elements 

(2) The gallium oxide pyroelectric method 

(3) The determination of gallium in plutonium metal 
b. Uranium 

(1) The determination of zirconium in uranium 

(2) The determination of uranium in urine 
o Miscellaneous 

(1) Impurities in calcium and magnesium oxides 

2^ Volumetric methods 

a. Determination of acid soluble sulfide in U and;; Pu 

b. Determination of sulfate in Pu 

3 # Gravimetric methods 

a* The determination of gallium *n plutonium metal 

4, Assay wthods 
p- Radioes say 
V,. Photometric assay 
c» Grav*ifflotric assay 
d. Microvolumetric us say 

1. Spectrochemieai Methods . 

17.61 Tha cupferron procedure as applied to heavy element determination 
' was essentially the same as that developed earlier for light element trace analysis, 
It eventually proved applicable to thirty nine element impurities. In addition to 
its use for plutonium analysis, it was applied in analyses of other elements, 
including uranium, The procedure consists in forming the acid-insoluble cupferri ?e 
of plutonium, and stee- extracting the compound from the impurities with chloro- 
form. The aqueous impurity solution is then evaporated on copper electrodes, 
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sparking of which gives the Impurity spectrum,, *t may also be noted that this 
method was used by the Health Medical Group to determine plutonium in urine 
samples. 

17. 6a: Ihe pyroelectric gallium oxide method was developed in the * 
first period for uranium analysis, but became one of the important methods for 
plutonium analysis as soon as such analysis became necessary, in this case the 
material was arced in a dry-box to reduce health hazards, 

17, 63 Gallium was determined in plutonium metal by a method which 
illustrates the value of seemingly irrelevant research. A considerable time 
before the need for such a method appeared, the spectrochemical staff decided 
to conduct some studies in the extraction of iron and gallium complexes with 
di-isopropyl ether. The results of this work were immediately applicable when 
gallium became important in the stabilization of 6 phase plutosium (17.28 ). 
fhe complex extracted with the ether named above is re -extracted into a small 
amount of very pure water, and evaporated on copper electrodes. The residue is 
excited by sparking, and the amount of gallium determined photometrically. 

17.64 For certain elements, notably titanium, zirconium, thorium, 
columbium and tantalum, no satisfactory spectrochemical method was discovered 
by the end of the period considered in this history. None of these elements, 
fortunately, was of crucial importance. 

17. 65 Some further investigation of uranium analysis was made in 
this period. At the end a method was being studied for the determination of 
zirconium in uranium. A process was being investigated for determining uranium 
in amounts of one tenth to one microgram in urine samples. This method was being 
sought for use in health control work. 

17.66 The analysis of impurities in calcium oxide and magnesium 
oxide became important with ,the adoption of thsse materials as crucibles and 
liners in plutonium metallurgy. The investigation was begun early in 1944, but 

■ 

was pursued more intensively after they were adopted for that purpose. The 
method was one of direct arc jipectrography. ^jXt*^ ltl9 3 were encountered in 
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obtaining consistent results, most of which ware found to be caused by variation 
in the state of subdivision of the oxides. This was overcome by very fine 
grinding -of the samples, 

17. 67 Several useful developments of spectrochemical techniques 
were made during this period. These included the double spectrograph, the double 
slit spectrograph and the dry box arc. The double spectrograph consists of two 
spectrographs aligned in opposition, and passes light emitted from the source 
through the slits of both instruments. The double slit spectrograph produces 
juxtaposed spectra of two wave length ranges cn the same film. The advantages 
of these methods lay in halving the sample size in one case, and the time for 
a complete analysis in the other. They were important because of economy of 
valuable material, reduction of analysis time, and reduction of exposure to 
plutonium on the part of the operator. The dry box arc with outside controls was 
developed because of the extreme danger frota arcing plutonium. laboratory con- 
tamination ia serious with ordinary arcing, and the danger to operators very great. 

2. Volumetric Jfethoda 

17. 68 Acid soluble sulfide was determined by distillation of hydro- 
gen sulfide, which was absorbed and determined volumetrically. The method wa3 
used for plutonium and uranium metals. Sulfate in plutonium was determined by 
reduction to sulfide, followed by volumetric measurement of absorbed hydrogen 
sulfide. ' 

3. Gravimetric Methods 

17. 69 * method for determining gallium in plutonium-gallium alloys 
alternative to the spectrochemical method was one which, after ether extraction 
of gallium, determined the latter graviraetrically as the 8-hydroxylquinolate. 
*• Assay Metho d s 

17, 70 Photometric, volumetric and gravimetric methods were investigated 
tc establish a procedure for routine plutonium assay, Results from the photometric 
method were untrustworthy. The gravimetric was good but too slow. The volumetric 



method wa3 the one finally adopted. After its development in early 1945, all 
Hanford material was assayed by this method. 

17, 71 Assay problems connected with plutoniim bookkeeping at Los 
Alamos were frequently troublesome. The volumetric assay results were found 
to be systematically too low in comparison with radioassay results, wlvch had 
been used from the beginning. Investigation of the aberration uncovered the 
fact that the specific activity of Hanford material was about four percent 
higher than that of Clinton plutoniu*. Since Clinton activity was used as a 
radioassay basis, the discrepancy was accounted for, 
D P Site 

17. 72 At the beginning of 1945 all plutoniura production work had 
been planned for and was being carried out in the Chemistry Building, Building 
D. Three things contributed to the alteration of this plan. The first was the 
increasing realization of the seriousness of the plutonium health hazard. As 
has been pointed out before, building D was originally planned with the idea in 
mind of preventing the contamination of plutonium by ljght element impurities. 
In fact the most serious contamination problem was to prevent the contamination 
of personnel with plutonium. The building was not ideal from thi3 point of 
view, and as larger amounts of plutonium began to arrive, adequate decontamination 
became increasingly difficult. The second factor was an increase in the expected 
rate of flow of the Hanford material, which would ? at maximum production, tend to 
overstrain the resources of D Building, The third' factor of importance in 
changing the plutonium production plan was a bad fire which occurred in C Shop 
on January 15, 1945 ( 9-40 ). This fire demonstrated vividly the possibility 
of fire in D building. The consequences of such a fire, including the spread 
of contamination over a wide area of the ^laboratory, indicated that it was 
imperative to build a new production plant, designed so that fire was unlikely, 
and so located that accidents would not retard the work of the Technical Area, 

17,73 In February, consequently, a committee was appointed to design 
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and expedite the construction of a new plant. The plans for this plant were 
enlarged 30 as to accommodate the processing of polon'um, which : n the mean- 
time had shown itself to oe a serious hazard, and which was inadequately housed 
in the Technical Area. 

17. 74 The new plant, the so-called DP Site, located on South ? oint, 
was divided into two areas. The first of these, the East Area, was designed for 
the processing of polonium and the production of initiators, under the super- 
vision of Group CM-15, the Polonium .Group, The second area, the so-called West 
Area, was designed for the processing of plutonium and the production of bomb 
cores. This area was under the control of Group CM-13. 
BUILDING DESIGN 

17 # 75 When building design work started, the final processes were 
not worked out, however, it was necessary to design buildings which would 
house any finally accepted process. The buildings consist of four identical 
working buildings, plus an office, in the West Area, and one working building 
plus an office in the East Area. The buildings are of entirely n on -combustible 
construction, steel w^lls and roof, rock wool insulation, metal lathe and plaster 
lining. All rooms have smooth walls and rounded corners for easy cleaning. 
Each of the West Area operating buildings is 40 x 200 feet and contains two 30x30 
feet operating rooms and two 40 x 50 feet operating rooms. The East Area operating 
building is 40 x 240 feet and is broken up into small rooms, 

17. 76 The chief feature of the buildings is the ventilating system. 
The air is withdrawn from the rooms through hoods at 3 rate of about two cubic feet 

■ 

per second. Where the hood capacity of the rooms is too small, additional 

exhaust ducts are furnished 30 that the air in every room is changed once every 

two minutes. The exhaust ducts assemble into a conr.on duct. The exhaust air 

from each A rea (East and West) is then passed through a bank of electrostatic 
filters to remove contamination, through a bank of paper emergency filters 

finally through a series of fifty foot stacks. The air is exhausted 
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by four fifty horsepower blowers In the West Area, and by two forty horsepower 
blowers in the East Area, 

17»77 A few preliminary building drawings were made early in February 
and serious design work started about the first of March, About March 15 work 
was started on the East Area buildings* The latter set of buildings was essentially 
complete June 1« Installation of equipment was complete by July. 15* and operations 
started shortly after that date* The West Area buildings were complete by July 15* 
Tfce much more extensive process installation was essentially complete by October 1, 
but minor difficulties prevented plant operation until November 1, after the end 
of the period described in this history* 
PROCESS DESIGN 

17*73 When work started on designing a new plant the operating pro- 
cedures were not fully worked out* Subsequently, these processes were worked out 
by various groups in the Of Division* While these procedures were being used in 
D Building, a new plant committee supervised the redesign of the equipment for 
use at DP Site, 

17*79 For safe operation with plutonium and polonium, all operations 
are carried out in closed systems* Tor easy plant operation, all operations are 
designed to be carried out in & routine fashion* Finally, to prevent chain reactions 
with plutonium, all equipment is designed so that no more than a safe amount can 
be charged into any piece of apparatus* . 

17*30 Improved protective ^furniture (hoods, and dry boxes—sealed 
boxes containing an inert atmosphere with inserted gloves) was designed for every 
operation. This equipment was all made Out of stainless steel for corrosion and 

■ 

fire resistance and ease of decontamination* A total of about 20 carloads of 
this furniture was fabricated by the Kewaunee Manufacturing Company (Appendix 7 , 
No. 35 ) in about 100 days. 
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Chapter XVIII 
PROJECT TRINITT 

Pre-Trtniti 



13*1 Preparation* for an experimental nuclear explosion were begun 
in March 1944 when it was decided by the Director and most of the Group and 
Division Leaders of the laboratory that such a test was essential* It was 
extreme!/ difficult to plan integral experiments which would duplicate in any 
satisfactorily complete way the conditions of a bomb* The many questions about 
a practical bomb left una newer ed by theory and differential and integral expert 
ments could only be answered by an actual experiment with full instrumentation* 
Klatiakowsky, then Deputy Division Leader for the implosion program in the 

Engineering Division, formed B-9, the High Explosives Development Group, under 

4 , . 1 

Balnbridge, to investigate and design full scale HE assemblies and prepare for 

a full scale test with active material* Group E*9 became Group X-2 (Development, 

Engineering, Tests) during the general laboratory reorganization. 

1&*2 The first systematic account of the test plan was made in a 

memorandum (Appendix 7 , No.36 ) early in September 1944 by Pussell and Bainbrldge 

in whichr It was considered that the energy release might be from 200 tons to 

10,000 tons TNT equivalent* These early plans were based on the assumption that 

Jumbo, a large steel vessel, would enclose the bomb so that the active material 

could be recovered in case of a complete failure* Among the tests planned at 

this time were the following t 

Blast measurements - pleao electric gauges 

paper diaphragm gauges 
condenser blast gauges * 
Barnes* Boxes (not used) 

condenser gauge blast measurement from plane 

Ground shock measurements - geophones 

seismographs 

Neutron measurements - gold foil 

fast ion chamber, (not used In this form) 
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Gamma Plays - recording in p lane dropped "gauges" - (not used) 

ganma ray sentinels 



Nuclear efficiency 



Photographic studies - fas tax cameras at 300 yards 



spectrograph ic studies, radiation characteristics 

photometric 

ball of fire studies 



SCft-5% Radar 



Meteorology 



Additional nuclear measurements were considered in three reports by Moon, who 
anticipated some of the experiments later adopted. 

13.3 One Of the early problems of the test group was that of selecting 
a site. At one time eight different sites were considered - the Tularosa Basin; 
Jornada del Muerto; the Desert training area near Rice, California; San Nicolas 
Island off the coast of southern California; the lava region south of Grants, 
New Mexico; Southwest of Cuba, New Mexico and North of Thoreau; sand bars off the 



coast of south Texas; and the San Luis Valley region near the Great Sand Dunes 
National Monument in Colorado, There were a number of factors to be considered 
in making the selection. Scientific considerations required that the site be 
flat to minimize extraneous effects on blast and that the weather be good on the 
average because of the large amount of optical information desired* Safety pre- 
cautions required that ranches and settlements be distant to avoid possible 
danger from the products of the bomb. Tight time scheduling required a minimum 
loss of time in travel of personnel and transportation of equipment between 
Project Y and the test site, while security required complete separation of the 
activities at the test site from the activities at Y. The choice finally 
narrowed to either the Jornada del JAierto region in the northwest corner of the 
Alamogordo Bombing Range, or the desert training area north of Rice, California, 
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The final choice of the Jornada del Muerto was made, with General Groves' 
approval, after consultation with General Ent of the 3ect>nd Air Force early 
in September 1944. The project secured the use of an area approximately 
IS x 24 miles within the base, with the nearest habitation 12 miles away and 
the nearest town about 27 miles away, 

13. J# Once a site had been selected it became extremely important 
to secure good maps of the region* Arrangements were made with the Second 
Air Force for a 6 inch to the mile mosaic to be made of a strip 6 x 20 miles 
including point zero (the point of detonation) at the center. These aerial 
mosaics were extremely useful both for the early exploratory work and for 
final precise planning, A great deal of delay was occasioned because of an 
inadequate supply of maps, which had to be obtained through the Security 
Office in order not to reveal the laboratory's interest in the regions in 
question. The maps finally used were obtained by devious channels and 
included all of the geoietic survey maps for New Mexico and southern Calif- 
ornia, all of the costal charts of the United State3, and most of the grazing 
service and county maps for the state of New Mexico, 

13.5 The original plans for construction of the base camp at the 
test site were drawn up by Capt. S. P. Davalos (Assistant Post Engineer), 
Bainbridge, and Fussell in October 1944 and provided for a maximum of 160 
men* This was supported by a memorandum (Appendix 7 , No. 37 ) from 
Kistiakowsky outlining the plan and scope of the proposed operations and justify- 
ing construction requirements. These two documents were approved by Gen, Groves 
and contracts were let for the initial construction early in November. The camp 
was completed late in December and a small detachment of Military Police under 
Lt. H. C. Bush took up residence. Laboratory personnel concerned v/ith the Trinity 
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tests agreed that the wise and efficient running of the Base Camp by Lt. 
Bush under extremely primitive conditions contributed greatly to the 
success of the tests. 

1B»6 With the concentration of the Laboratory on the implosion 
program beginning in August 1944 the test program lost in priority. The 
shortage Of manpower for research and development work resulted in the 
members of the Development, Engineering, Tests Group devoting most of their 
time and effort to engineering problems and abandoning to a large extent 
their work on the test. Among the few accomplishments during this period 
were the layout of the test site, the design and construction of shelters, 
the collection of earth samples, the procurement of meteorological and 
blast gauge equipment and a certain amount of planning for the measurement 



of nuclear radiations. 

Trinity - Organization 

1£#7 By March 1945 almost all the essential physics research for 
the bomb had been completed and Oppenheimer proposed the establishment of 



Project TR, an organization with division status, composed of personnel 
chiefly from the Research Division, which was to have full responsibility 
for a complete test. As originally organized, Project TR included the 
following : 



Head 



K. T. Bainbridge 



Safety Committee 



3. Kershaw 



TR U.S.E.D. 



Capt. 3.F. Da vales 



Security 



Lt. R. A. Taylor 



CO UP Detachment 



Lt. H. C. Bush 
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Consultants 



TR-1 Services 



TR-2 Shock and Blast 
TR-3 Measurements 
1R-4 Meteorology 
TR-5 Spectrographs and 



W. G. Penney 
V. K. fteisskopf 
F, B. iioon 

J. H. Williams 

J. H. l&nley 

R. R. .Vilson 

J. li. Hubbard 



J. E. Siack 



TR-6 Airborne Measurements B. Waldman 
This organization expanded rapidly and by the time of the test involved 



about 250 technical men* 



R-l, R^2, R-3, R-4, P-4, G-Il, 0-4, T-3, 



and T-7 worked full time on the Trinity Project, and various other groups 
gave a great deal of time to this work. Group G-4 manufactured the greater 
part of the electronic equipment, 

.18.8 In June 1945 Project Ut included the following: 



Head 
Aide 

Security 

GO ISP Detachment 



Consultants 



Structures 

Meteorology 

Physics 

Damage 

Safety 

Earth Shock 



K« T. Bainbridge 
F. Cppenheimer * 
Capt. 3* P. Davalos 
Lt. R. A. Taylor 
lit* H « C« Bush 

fU W« Carlson 
F. E. Church 
E * Fermi 

J. C. Hirschf elder 
3. Kershaw 
L. D. Leet 



Blast and Shock V.*. G . Penney 



rhysics 



V, F. V/eis.^opf 
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TR Assembly 



Comdr, \. E. Bradbury 

G, B. KIstiiLkow3ky," Alternate 



TR-1 Services 



H. 'Mil J arcs 



TR-2 Air Blast and Earth 
Shock 



J. II. Mauley 



TR-3 Physics 



R. R. Wilson 



HR-U Meteorology 



J • iki 



Hubbard 



TR-5 Spectrographs and 

Phonographic Measurements J. E. Mack 



TR*-6 Air Blast 



B. IValdman 



TR-7 Medical Group 



Lr. L. F. Hempelmann 



18 .9 By the time Project TR was set up, all of the elaborate 



schemes for recovery of active material were virtually abandoned, including 
the use of Jumbo (16*53) and the use of large quantities of sand or of water 
At the time recovery methods wore considered seriously the supply of active 
material was extremely limited and tr ere w c .s a very strong feeling that tr e 
bomb might fail completely to explode. As confidence in the ultimate succes 
of the bomb increased and adequate production ,f active materials stemed 
assured, the recovery program no longer seemed essential * Perhaps the 
most important deciding factor, however, was the fact that any effective 
recovery program would interfere seriously with securing information on the 
nature of the explosion, which wa3, after all, the crii cipal reason for the 
test. Jumbo was taken to the site and erected at a point 800 ;*arc;3 f rem- 
its originally plannec location, si. ce it was not to be ust-d for this test. 

R ehearsal Test 

18.10 The first task of trie new group was tr.a*". of preparing a 
rehearsal 3hot known as the ICO ton shot. Thi3 had been proposed in tr.e 
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summer of 19M* both as a full dress administrative rehearsal ar*J as a way 
of providing calibration of blast and earth shock equipment for the nuclear 
bodb test. It was finally scheduled to take plaoe on May 5, 1945. Ihe 

i 

date was extended to May 7 to allow the installation of additional equip- 
ment, but several requests for an additional time extension had to be 
refused because any further delay would have delayed the final test, which 
was already very tightly scheduled. 

18.11 Ihe test was carried out early in the morning cf May 7 with 
100 tons of HE stacked on the platform of a twenty foot tower. Very little 
experimental work had ever been done on blast effects above a few tons 

of HE, and it was important to obtain blast and earth shock results in order 
to determine the proper structures to use to withstand these effects for the 
final shot. By using appropriate scale factors, the center of gravity of 
the 100 ton stack of KE was made 28 feet above the ground in scale with the 
100 foot height for the 4000-5000 tons expected in the final test. Ihe stack 
of HE was provided with tubes containing 1000 curies of fission products 
derived from a Hanford slug to simulate at a low level of activity the radio- 
active products expected from the nuclear explosion. Measurements of blast 
effect, earth shock and daiaage to apparatus and apparatus shelters were made 
at distances in scale with the distances proposed for the final shot. Measure- 
ments to determine w cro3s-talk" between circuits and photographic observations 
were in general carried out at the full distances proposed for the final . 
shot. 

18.12 The test was successful as a trial run, and was useful 
chiefly for suggesting methods for iiaproving procedures for the final test. 
The most critical administrative needs emphasized by the test were better 
transportation and communication facilities and more help on procurement. 
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SOCKET 

The chief purposes of the test were accomplished. Men who had worked in 
well equipped laboratories t>ecame familiar with the difficulties of field 
work. Blast measurement and earth shock data were valuable in calibrating 
instruments and providing standards for the safe design of shock-proof 

* 

instrument shelters* Measurement of the effects from the radioactive material 
inserted in the stack of HE was especially valuable in giving information 
on the probable amount and distribution of material which would be deposited 
on the ground. Ihis information secured by the Fission Studies Croup of F 
Division was essential for planning the recovery of equipment, the measurement 
of bomb efficiency and protection of personnel for the final test. The high 
percentage of successful measurements in the final test may be attributed in 
large measure to the experience gained from the rehearsal shot practice. 
Preparations for the Trinity, Test 

.... mmm mm . ... , i i ■ , m mmm i i ■■ ■ ■ ... 

1S.13 Wien Project lrinity was established, July 4 was set as the 
target date for the test, although it was doubtful that this date could be 
met. Preparations for the test continued at an increasingly rapid pace after 
the completion of the rehearsal shot. The breadth and intensity of the prepar- 
ationa which were necessary for the Trinity test cannot be overemphasized. 
The task was one of 'establishing under conditions of extreme secrecy and " 
great pressure a complex scientific laboratory on a barren desert. The number 
of people available was very small in comparison with the amount of work to 
be done. Over twenty miles of black top road were laid, plus a p£.ved area 
in the vicinity of the tower. All personnel and equipment had to be trans- 
ported from Los Alamos, and after considerable effort the Trinity staff 
succeeded in securing about 75 vehicles. About 30 more were added during 
the last week by the monitoring and intelligence groups. A complete 
communi cations system had to be installed, including telephone linea, public 
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tloo| ays tea and in oon- 



address systems in all of the buildings aq$ |I^XMt^# 1* 13 of the cars 
Miles of wires were used both for the 

k 

Junction with the TrSfrious_ experiment* • A complete technical stockroom had 
to be established^ and all of it* varied contents transported from Los Alamos. 
The ? stockroom was officially known as tt Wbar% Sanitary conditions were 
difficult to maintain, especially in ths mess hall, because of the hardness 
of the water. Because of the extremely tight schedule for the test, any 
delay in the procurement or delivery of needed material meant that the group 
affected would have to redouble its sf forts whom the things filially did 

— afsW < st 'a. y i "g ■ **■ v "* . 

arrive. Ths combination of tight schedule and shortage of personnel meant 
that most of the people at Trinity* frem mess attendants to group leaders, 
worked at fever pitch, especially during ths last month. A, ten-hour working 
lay was considered 0**9*1* ano> often it stretched to eighteen, 

Among the nbe* oomplstt acteinistrative prebleme. assoc dated wit|fc> 
the test were those solved by tN Services <fcr^$T This group undertook the 
very 4tff feiOVtaek y-p*P90bm*h* «fcrtofc^ 

facilities, and construction ;pieded^ The construction schedule was especially 



1 



tight and retired m great deal e| careful planning eM har# work to complete 
successfully* For 4 month before the test there were nightly meetings to fceatf 
reports on field construction wo#»ess ami texplan the assignment of men for • 



the following; dayv Construction help was assigned on the basis of the priority 



V ■ % 




of the experiments for which it wee needed. 

18 .15 Considerable attention wae paid te security and to the legal 
and safety aspects of the test. A £Teat effort was made to dissociate the 
work at Trinity from that at Los Alamos, libers was a great deal of discussion 
about what should be done about people in surrounding towns. This was finally 

* 

settled by having a group of 160 enlisted men under the command of Major T. 0. 



T 



Palmer stationed north of the test area with enough vehicles to be able to 
evacuate ranches and towns if this was found necessary at the last moment. 
At least 20 men associated with Military Intelligence were stationed in 
neighboring towns and cities up to 100 miles away* and moot of these men 

s erred a dual function by carrying recording barographs in order to get 

ji 

permanent records of blast and earth shock at remote points* 

V 

Id* 16 One minor source of esoitement was the accidental bombing, 
with a duemy bomb, of the trinity base camp by a plane from the Alamogordo 

* 

Air Base early in May* The incidents were reported to the base connander 
through the Security, off leer and precautions were taken to prevent their ' 
recurrence* 

1£*17 Early in April Project TR secured the serricee of J # II* 
Hubbard* meteorology supervisor for the Manhattan District* He requested 
information from the various experimental groups on the particular weather 
conditions or surveys which they would find useful in their operations, and 
made an effort to find a time that would meet nearly every specification 
of the various groups* He secured the cooperation of the Weather Division 
of the Army Air Forces and was able to draw on information of a world-wide 
nature in making his s urv e ys * The period which, he selected as first choice 

r 

for the final test was July IS - 19*20 - 21, with 14 «* lfc as second choice, 
and July 16 only a possible date* 

1£*1£ Otoe of the most difficult problems faced by Project TR was 
that of scheduling* weekly meetings were held with consultants and responsibl 
group and section leaders' attending to consider new experiments and discuss 
detailed scheduling and progress reports* It was important to get as such 
information from the test as possible* but it was not possible because of the 
limitations of time and personnel to schedule every experiment proposed* 
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In ortier to have a new experiment considered by the weekly scheduling meeting, 
the person making the proposal would have to prepare a detailed account of 
the objectives of the experiment, the accuracy expected and the requirements 
for equipment, personnel and machine shop and electronics shop time. 
On the basie of such information the Trinity scheduling group could decide 
whether a particular experiment was suitable and whether it had any possibility 
of being successfully completed. 

18»1? the July 4 date accepted in March was soon found to be 
unrealistic* Delay* in the delivery of full scale lens molds and the conse- 
quent delay in the development and production of full scale lenses, as well 

en 

as the tight schedule in the production of active material, made it necessary 
to reconsider the date. The Cowpuncher Committee made an effort to schedule 
the pacing components in order to determine the time at which other components 

Ft 

or other developments would have to be completed in order not to delay the 
test. By the middle of June, the Cowpuncher Committee agreed that July lj 
was the earliest possible date, and the 23rd was a probable date. Because 
of the great pressure to have the test as early as possible, it would * 

undoubtedly have to take place before all reasonable experiments, tests and 

,\ 

improvements could be nftde, but the July 13 date was fixed so that essential - 
components would be ready at that time. On June 30 a review was made of all 
schedules by the Cowpuncher Committee, and the earliestdate for Trinity was 
changed to July 16 in order to include some important experiments* Commit* 
meats had been made in Washington to have the test as soon after July 15 as 

t t 

possible and these commitments were met by firing the shot early on the 
morning of July 16, as soon as weather conditions were at all suitable* - 




18.20 Four rehearsals were held on the Uth, 12th, 13th and Uth 
with all personnel cooperating. A "dry run H of the assembly of the HE 
component of the bomb was held early in July following a nu/tker of tests 
to study methods of loading and effects of transportation. Final assembly 
of the KE began on July 13, and of the active core on the san».day« Nuclenr 
teats and the assembly of the active component were carried out in McDonald 1 s 
ranch houae - a four room frame house about 3400 yards from the det*>nation 
point. Ihe various pieces of apparatus employed were identical with those 
already shipped to Tlnian, and the operation took on the character of a 
field test for the overseas expedition. \0n July 11 the active material, 
was brought down by convoyed sedan from Los Alamos in a field carrying case 
designed for use overseas. The RS components were assembled at one of the* 
outlying sites at Los Alamos and brought down by convoyed truck arriving at 
Trinity on Friday July 13* 

18,21 Before the assembly started a receipt for the active 

material was signed by Brig. Gen. T. F. Farrell, deputy for Gen. Groves, 

* • . < • .. 

and handed to L. Slotin (ded) who was in charge of the nuclear assembly. The 

acceptance of this receipt signalized the formal transfer of the precious 
239 

Pu ' 7 from the scientists of Los Alamos to the Army to be expended in a test 
explosion. The final assembly took place on a canvas-enclosed flooring which 
had been .built for the purpose within the base of the tower. Active material 
in large quantity was put within HE for the first time on this occasion* 
Although the people performing the operation and those watching it were 
outwardly calm, there was a great feeling of tension apparent. Only one 
diffioi lty was encountered which made the actual carrying out of the 
assembly anything more than a routine repetition of rehearsals. The heat of 
the ^desert together with the heat generated by the active material raised 
| PWJfWfe jl Q a . very high tempera ture. J MMHBP ~fj t?ffi 





had on the other hand been assembled the night 

■ > 

before on the high mesa of Los Alamos and was cold to the touch. Differential 

> 



expansion between these two parts was enough to cause interference^ JflpJ^^p 



t\/7P J DBHTBD /which had of course been tested for size before- 

P^l^ . L 

V P J hand. A delay of a minute or two occurred^ 

DELETED 



DELETED" [/ 



to permit its entry as 



0 




13*22 After the HE and nuclear components were completely assembled , 
the bomb was still without detonators. It was hauled to the top of its 100 
foot tower where it rested in a specially constructed sheet steel house. On 
the 14th the Detonator Group installed the detonators and informers and the 
Prompt Measurements Group and other test groups checked and completed the 
installation of apparatus for their experiments. Visits were made to the top 
of the tower every six hours by members of the Pit Assembly Group to withdraw 
the manganese wire whose induced radioactivity was a measure of the neutron 



background 
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IS .23 , Perhaps the best way to give some notion of the complexity 
of this Implosion bomb, whose manufacture required the efforts of so many 
specialists and whose assembly was so delicate an operation, is to enumerate 
its contents • \ 
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DELETED DELETED 
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DELETED 

DELETED 
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13.24 Elaborate plans were made for the evacuation of personnel in the 
event of any serious ' difficulty, with the Medical Officer to be in charge. , The 
Arming Party, a small group responsible for final operations, also assumed « 
responsibility for guarding the bomb against possible sabotage, and remained at 
the tower until the last possible moment. The weather seemed unfavorable early 
in the morning of the 26th and not until shortly before 5:00 a.m. did .the weather 

v * ■ ■ 

reports received from Hubbard begin to look satisfactory. As originally planned 

. » 

the decision whether or not to run the test was to be made by Opgenheimer, "Gen. 
Farrell, Hubbard and Bainbridge with one dissenting vote sufficient to call it off. 
The final decision was made and announced at 5*10 a.ou and the shot was scheduled 
to be fired at 5*30 a.nu 

18.25 Nearest observation points were set up 10,000 yards from the' 
tower with Base Camp located 17,000 yards from the tower. A number of d is ting- ' 
uished visitors came, for the test including Tolman, Bush, Conant, Gen. Groves, £. 
Iauritsen, Rabi, E. 0. Iawrence, A. Compton, Taylor, Chadwick, Thomas, and Von 
Neumann. All were instructed to lie on the ground, face downward, heads away 

from the direction of the blast. , The control station, which was located at 10,000 
yards, was connected to the various observation points by radio. From here periodic 
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time announcements were made beginning at minus twenty minutes until minus 
45 seconds. At that, time automatic controls were switched on, setting off 
explosion at 5:29 a.m. on Monday, July 16, 194 5 > just before dawn. 
Trinity 

13.26 There have been a great many descriptions of the explosion; 
one of the moat graphic is that of Gen. Farrell who saw it from one of the 
10 , 000 yard observation points. He said, in part: "The effects could well 
be called unprecedented, magnificent, beautiful, stupendous and terrifying. 
No man-made phenomenon of such tremendous power had ever occurred before. The 
lighting effects beggared description* The whole country was lighted by a 
searing light with the intensity many times that of the midday sun. It was 
golden, purple, violet, gray and blue* It lighted every peak, crevasse and 
ridge of the nearby mountain range with a clarity and beauty that cannot be 
described but must be seen to be imagined Several of the men stationed 

at Base Camp and members of the Coordinating Council of the laboratory who 
watched the explosion from the hills about twenty miles away prepared eyewitnto-j 
accounts of their experiences. All were deeply impressed by the intensity ci 
the light, and also by the heat and the visible blue glow* Ot the heat, one man 
said, "I felt a strong sensation of heat on the exposed skin of face and arris, 
lasting for several seconds and at least as intense as the direct noon sun." Of 
the blue glow, another reported, "Then I saw a reddish glowing smoke ball ris ir;~ 
with a thick stem of dark brown color* This smoke ball was surrounded by a blue 
glow which clearly indicated a strong radioactivity and was certainly due t.o the 
gamma rays emitted by the cloud into the surrounding air* At that moment the 
cloud had about 1000 billions of curies of radioactivity whose radiation must 
have produced the blue glow". There were also many detailed accounts of the 
appearance of the now familiar mushroom-shaped cloud. It was several minutes 
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before people noticed that Jumbo's steel tower had disappeared (16.53) • At Los 
Alamos, over 200 miles away, a number of people who were not directly involved 
in the test and were not members of the Coordinating Council, watched for a 
flash in the southern sky. As the shot had originally been scheduled for 4:00 
a.m., many watchers grew impatient and gave up. A few did see it, however, and 
they reported a brief blinding flash of considerable intensity. 

13.27 For many of the men who watched the test at Trinity, the « 
immediate reaction was one of elation and relief, for the succeasful explosion 
of the first nuclear bomb represented years of difficult concentrated work. 
With this elation and relief came a feeling of awe and even of fear at the mag- 
nitude of what had been accomplished. For many the successful completion of the 
Trinity test marked the successful completion of the major part of their work 
for the Los Alamos laboratory, and there was a general letdown and relaxation 
after the intensive efforts of the past months ♦ For those men who were going 
overseas, however, there was no rest, and their preparations for Trinity were 
simply a rehearsal of their duties at Tinian. 

l£ # 28 Security, which aljrays pervaded the work of the laboratory, was 
not forgotten even in the hectic hours after Trinity. As^the first cars of weary 
excited men stepped for food in the little town of Belen on their way back to 
Los Alamos, they spoke only of inconsequential things, and the occupants of one 
car did not recognize the occupants of another. In fact, the members of the 
coordinating council were required to return directly to Los Alamos in buses, 
avoiding any stops in New Mexico communities. Not until they reached the guarded 
gates of Los Alamos did the flood of talk burst loose. There was a great sale 
of Albuquerque newspapers the following day because in them was an account of 
an "explosives blast" at the Alamogordo Air Base. The story was credited to ti.o 
Associated Press, but appeared in very few papers outside of New Mexico, and 
then only as a brief note about an unimportant accident. 
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Results of Trinity E^eriments 

' s IS. 29 To give some notion of the number and scope of the experiments 
done in connection with the Trinity test, the following summary is included* 
(See chart of location of Trinity experiments in appendix). There were six chief 
groups of experiments: 1. Implosion; 2. Energy release by nuclear measurements; 
3, Damage, blast and shock; U* General phenomena; 5. liadiation measurements and 
6. Meteorology, 

1« Implosion experiments included: 

a. Detonator asiniultaneity measured with detonation wave- 
operated switches and fast scopes. These records were 
fogged. by gamma rays. 

b. Shock wave transmission time measured by recording on 

a fast scope the interval from the firing of the detonators 
to the nuclear explosion. This experiment gave a result 

jj)0 ^ BBUWWD exact accord with jiredictions. 

^ c * multiplication factor (a) measurement was done by three 

methods.- with electron multiplier chambers and a time 
expander; by the two chamber method; and with a single 
coaxial chamber, coaxial tra nsformers and a dire ct deflection 
high speed o scillographs / 




2. The calculation of energy release by nuclear measurements included: 
a. Delayed gamma rays measured by ionization chambers, multiple 
amplifiers, and He i land recorders front both ground and balloon 
sites. 
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b. Delayed neutron measurements done in three ways - by the 
use of a cellophane catcher and plates both on the 
ground and airborne, by the use of gold foil detectors to 
give an integrated flux, and by the use of sulphur threshold 
detectors ♦ For the cellophane catcher method a record was 
obtained from the 600 meter station which showed an energy 
release consistent with the H. Anderson figure (c. below). 
With the gold foil method the number of neutrons per square 
centimeter per unit logarithmic energy interval was measured 
at 7 stations ranging from 300 to 1000 meters from the 
explosion. Of the sulphur threshold detectors only 2 of the 
8 units used vrere recovered and these gave the neutron flux 
for energies of 3 Mev at 200 meters. 

c. The conversion of plutonium to fission products, measured by 
determining the ratio of fission products to Pu, gave a 

1)0^ result ^SSUBtKb DMJCTgP ^equivalent to IS, 600 

tons of TNT. An attempt to collect fission products and 
plutonium on filters from planes at high altitude from the 
dust of the shot after it circled the world gave no results, 
although later some indications were obtained after the 
Hiroshima explosion by this method. 
3. Damage, blast and shock experiments were divided into three groups 
a» Blast, b. Earth shock and c* Ighiticn of structural jnate rials . 
a. Blast measurements included: 

(1) Quartz piezo gauges - these gave no records since the 

« . 

traces were thrown off scale by radiation effects. 

4 

(2) GciyJenser gauges of the Calif err. ia Institute of Tech- 




records \v*>re oo t,.; i t because tre sh^t had t,o he fired 
f -.vVen the p "hires ;vere out of position, 

f f 3 ) — e exce;;-:: velocity of the shock wave in relation to sound 

velocity was measured with a moving coil loudspeaker pick- 
up, by the optical method with blast- operated switches 
and torpex flash bombs and by the richlieren method. By 
the moving coil loudspeaker method the velocity of sound 
was obtained for a small charge and then the excess 
velocity for the bomb; this measurement 5a ve a yield of 
10,0CO tons and proved to be one of the most successful 
blast measuring methods. 

Feak pressure measurements were done with spring loaded 
piston gauges at an intermediate pressure range of from 
2.5 pounds to 10 pounds per square inch, with the same 
kind of gauges above ground and in slit trenches at a 
pressure range of from 20 to 150 pounds per square inch, 
with crusher type gauges and with aluminum diaphragm "box" 
gauges at a range of from 1 to 6 pounds. The flr3t of 
these methods gave blast pressure values which were low 
compared to all other methods, the crusher type gauges 
gave the highest pressure range and the "box" gauges 
gave a TNT equivalent to 9?00 - 10CO tons* This last 
method wab found to be inexpensive and reliable, 
fs) Remote pre:>:-*ure lmogr-qh recorders gave results c~n- 
5 '.vent ffith l r ,''.CC tons. These v;e;v ^-.-ces^ary for 
lr V i1 reasons, 

;,..) T mpul.:-.- .>•;-;.-•.- - m-.-chani • - ly recor Hi / pistes liqi.; i 

i 
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(7) Mass velocity measurements were made by viewing with 
Fast&x cameras suspended prtmacord ind magnesium flash 

( 



(3) Shock wave expansion measurements were made with 

Fas tax cameras at 900 yard stations and gave a total 
yield of 19,000 tons. 
Earth shock measurements included: 

(1) Geophone measurements with velocity-type moving coil 
strong motion geophones gave 7000 tons after extrapo- 
lation froa a small charge and 100 ton data. 

(2) Seiszaograph measurements done with Leet 3-component 
strong motion displacement seismographs gave results 
of approximately 15.000 tons. These were necessary 
for legal reasons. 

(3) Permanent earth displacement measurements U3ing steel 
stakes for level and vertical displacements gave results 
of 10,000 * 5000 tons. 

(4) Kemote seismographic observations at Tucson, El Paso 
and Denver shewed no effect at these distances. 

c. The ignition of structural materials was observed using roofing 
materials, wood and excelsior on stakes. Observations showed 
that the risk of fire produced by radiant energy is small for 
distances greater than 3200 feet. The risk of fire from direct 
radiation was likely to be much less than the risk of fire from 
stove3 etc. at the time of the explosion. These conclusions 
were confirmed at Hiroshima and Nagasaki. 
4» The study of general phenomena consistei chiefly of photographic 

* 

studies of the ball of firt* and the column of blitst cloui effects. In is -*yuo cf 



3tudU' j i'i include .1 o.isr si- Ay »vitd. ;CR-5 . v 4 rad...rs in Vd f l:u .f 

t:ie cloud were obtained; i*ada r reflect iw, however, was i/.t foan i to ; ;e fa /or- 
dble • Phuto.'jra; hi c equipment ased for thase studies include i F~st jc c^ner^s 
rangiiij from ^OC to 5000 fr .iues per second, standard 16 .a ill in.oter color cameras, 
a 24 fr iue per second Cine- Jpecial, .IX frame 3 per second Mitchell n .;:,.er"i 1 , 
pinhole cameras, 3'tmna raj cameras, Fa ire hi Id ? x 9 :t aero view cameras -it 1C/XX) 
yards and at .?G miles for st^rec^phot- a , These photographic records were extreaely 
valuable. 

The rise of the column was followed with searchlight equipment and the 
first 13 miles of the main cloud ;ath w.s obtained by trianjiiL.it ion, A part of 
this jroup of experiments was a number of spectrograph ic and photometric msasuro- 
:aent3 and . jeasurement of total radiation, Specirograj: hie measurements wer e done 
with I!ilger and Eausch and Lamb high-t ii:^-re3olut ion spectrographs, photometric 
measurements with moving film and filters and with photocells and filters recording 
on drum oscillographs, . ind total radiation measurements .vith ther zoc ^up 7 es ind 
rec or - 1 ing equiprne nt . 

5. Fost-shot radiation measurements include'!: 

a. :jajfima-rav sentinels - these ionization chambers which recorded 
at 10,0CO yard shelters were extremely valuable in giving the 
distribution of radioactive products immedi' ' teiy after the shot 

at 

until safe stable conditions were -.ssured. 
: . Portable chafer observations in the high gamma f Lot region 
.vere raile frca heavily shielled army tanks us ing portable ion- 
ization ciaahers of standard design ibout fo ..r hours ^fter the 
amot jl r 1 f 1 ionization lata fro;:; these c hand, ens vie re radiced back 
to the control, shelter. 

V das' - :. mm '» ; rod- xt r: w.u \» / • a ? • " ,. a*: tn 
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200 miles in order to measure dust-deposited fission pr^iuc*:?, 

d, Measurement of iirborne products from 3-29 planes equip jedi with 
special air filters wa3 unsuccessful as noted above (). a. (*.))• 

e. A detailed crater survey was :rade with ionization chambers and 
amplifiers after four weeks and showed approximately 15 roentgens 
per hour at the edge of the crater and 0.02 roentgens per hour 

at 500 yards. 

6. '.Veather information was obtained up to 45 minutes before the shot 
from the oir.t of detonation to ?0,000 feet and 25 minutes after the shot. Low 
level smoke studies were made to determine the spread of active material in case 
the nuclear explosion failed to occur. This information was vitally important 
for the success of the test. 



■. '■i»pt» f XTJC 
PROJECT KL8E RTK 

D«ii7-»,-/ Groan 

I9»i Although Project Alberts was n ot organized formally unt^l 
March 1^5, ^ 8 w ^rfc bad been don© by the Delivery Grjup oC the Ordnance Dlirl : 
sirwe June 1^5, (So© Chapter VII, Delivery). The group wa.i respor. * Ibl© fir > 
delivery of the bo>nb as * practical airborne military weapon, and during the f 
part of the Project* 4 history participated in design of the final b>ab, *nd 
undertook to act *a liaison with the Air Force on such matters as the selssti ■ 
of aircraft *.nd the supervision of field tests with nook bombs. 

19*2 After the general reorganisation of the Laboratory, when It # 
olear that the plutonlum gun assembly method would not be u*;ed, three models 
remained - the Little Boy for the 0^5 gun assembly (7.SL), the l?22 Fat Mai 
:nodel of the iraplDFlsn assembly and the model whioh became the finally adopts 1 
l'>6l ?at ^an. 3y September 1, l?Ui 9 It was decided to frees© the external sh^ 
and aircraft requirements of the three models so that the Air Force oouhl bagi 
burned lately to train a ootobat unit for the delivery of the b^mb + A pr odjeti • f i 
Vit of 15 B-29 f s was -modified at the Martin Nebraska plant under the guiienoa 
3* Dike and M. Solatad of Los Ala/nos . The first aircraft became aval tibia in 
October, Wendover Anny Air Base in Utah, sometimes called by the oode taxi* Ki. 
or the symbol ^-^7, was designated as the training and test center for tha -w* 
Atomic Oornb Group, and Col. P. W. Tibbets *as appointed corruiuviin^ officer 
the -3 «n bat group known us the ^O^th Compos i to Group. 

19. 5 Tne first tosts began at flendover in October VI' j*, and - 
up to the tirn^ of the first conbat drop, A number of groups fr~<n 0, H an-! j 
Divisions, in addition to the Delivery Groups cartic ipa ted in the tf*wi v^r * ■} .' 
ic.ol-idl ^g the ?js Ing Gruup , the Gttn Group, the ;IE As-ieaibly Group, t**<»» 2 > - v • . - 
Qet-vat'>r )r y. 4 p and the Pallistic Group, Tn !4j7smber I.^Ji, Cnu.ir, >" . T , . . 



. T 5JJ , assumed the re sp y.\ s ib I 1 i V °? supervising these t'leli ^pera t ions • The I »g 
series of tests whitvi had ^ew begun with three tentative and later with the two 
final models ino luded tests for ballistic* Inf ormati on , for electr'.cal fusing 
Lnf:rmati f.jr fl'ight per forma nc a of electrical detonators, for opera t i m ^f 
^ne aircraft release mechan*sm, for vibration inf onnati on, for assembly exper ier.-^e 
and for tempera turn effects. Because the first lot of B-29 f s proved to have p»<* 
flying qualities and the special Project mod if ic* ti or,a to have a number of weak- 
nesses, a new lot of 15 planes was obtained in the 3pri.ng of 19^5* Those aircraTt, 
wnlch proved extremely sat! jfao tory t had fuel injector engines, electrically 
controlled propellers, very rugged provisions for carrying the bomb and all 
armament remold except the tail turret. In addition to the teste based at 'Handover 



a number of test drops were made at the Camel Project's field at Tnyoicern during 
I9I+5 (9.16). In connection with the flendover teats, the Ballistics Gro^p of 
0 Division did sorae research on the problem of aircraft safety in delivery. They 
were con^*rned with 3uoh problems as the shock pressure that * B-29 could safely 
withstand, the maneuver that would carry the plane a maximum distance away fro*a 
the target in a minimum time and the use of special shock bracing for personnel. 



at Loe Alamos continued a program of design and production of mock bombs in an 
effort to achieve a final model. During this period the 15&1 Fat Man was adopted 
in place of the 1?22 model. In addition to the Kendo ver tests numerous physics 
and engineering tests on complete units were made at one of the outlying sites 
at Los Alamos. The Delivery Group also began formulating plans for the establish- 
ment of an overseas operating base, knc/wn by the code word ^Alberta*. 
Organ lea t ion and Tests 



provide a m ^re effective means of integrating the activities of the various 

Lm Alamos groups working on rroblems of preparation and delivery of a ccnbat 

h .*,ib than tha Delivery Group by itself had been ibie to offer- The new Project A 



19 Ji During the fall of and winter of 19^5, the Delivery >ojp 




l'i„7 In Vjarch 19^5* Project Alberta or Project A was established to 



was indarendent 



f a n / o x I s 1 3 nj? d i v * r i ,^1. and 
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'•- f .y, with ill specific w ric b*lr.£ d via by groups ;>f other ilWls ; *n e . aad w ! ' -*i 
Project A providing direct! -n ti ly insofar A6 preparations f--r :-.#r.bat dsliv*:-/ 
wore concerned. Captain Parsons ^as the officer In charge Project Alb«r*.a, 
with Haasey and later Bradbury as deputies for scientific *nd technical ^'.tflrs. 
The organisation included three groups - an adbain ifitra ti va group known as the 
Headquarters staff, a technical policy committee .jailed the 'tfeapor.s Conmittee 
(9*\l) and a working group of representatives from other divisions, Corodr, Ashw.TVi 
was operations officer and military alternate for Capt + Farsor.s and served as 
chief of the Headquarters staff which eventually included Alvaret, Bolstad, S. Dike, 
G. Fowler and S, J. Simmons (dcd) f S i nun one came to the Project in June frora 
Massachusetts Institute of Technology Radiation Laboratory, where he had engaged 
in similar liaison activities with the Air Force. The Weapons Conmittee of which 
?amsey was chairman, until he went overseas and was succeeded by Bradbury, included 
Birch, Brode, G, Fowler, Fussell, Morrison and Warner, Group representatives 
included 



Tests at Wendover - Comdr* Ashworth 



Tests at Wendover after June, I9U5 * Simmon a 



Measurements, airborne observations - Wald-nan and Alvarez 



General Theory - Bathe 



Gun Assembly - Birch 



Air 5n 



ft - 



Bo 1st ad and Dike 



HE Assembly for implosion - Bradhury and Warnwr 



Fuein^ • Brode 



Sleotr leal detonator system - Fu-ssell 



Engineering - Galloway 



Supply - Lt . Col- Lockrldge 



Pit (active -.atari*! end tamper of Fat Man) - Morrison and Koll 



Radiology - Capt. Nolan 



Darp.a^e - 



Penney 



-RlU.stl^s - Shapiro 





* * v.. . ft,-,-. '. ••-• 1 .f^>Y 



19. C ^Project Albtrta *as concerned chi efly with -three ' problem : (1) the 
ccnpletion of design, procurement and preliminary aseen-bly of- both units which 
■would be conplete in every viay fcr uee with active rr»ateri»l; (2) continue tion of 
the Wend over test program; and {)) preparation for over-f.e&e operations -agRi i:r ♦ 
the ene-ny. 

19.7 Since the litre schedule ms beccrd^g tighter, thr rncjor desi^-v •.. 
were of necessity continued with ns few alteration© rin pee e J tile, %1 though thc\ 
were in inany cases the reeu.lt of h number of compromises and guesses :r.ade nt * i^.e 



wh e r: th e pr obi em 



not we 13 understood. T 



?is during this period oi 4 



supplying the raany details necessary for successful operation htA correcting Tmi". 



which became apf«ront in 
^ r exact design of the tamper s 



r 4 ples of problercfi solved ore such matter? 



sphere,^""" 



f 



DILCnBD 



^^^^^"^ DBLBTED I inclusion of a hypodermic tube 

between the HI; blocks for "monitoring purposes, and strengthening the Little B :y 



tail. Actually the Little Boy was far ahead of the Fit wan from the point of vi»v 
of design and development, since the Gun Assembly group Led * relatively long tire 
to devote to such improvements* Members of the Weapons Oosimittee were concerned 
\r* Ut the need for starting work on an integrated design for the pat i&n based on 

' ti. . 

■ * ^ - 

* * 

current knowledge vrith.no cocimi ticefit£ to past production, but realized that such 



iv7 



a program could not interfere with the primary job of 



up tne exietine 



«, .aodel as quickly as p^sihlm i : '-;Xhe ;Job^.>f ir «3^'££iiing ^ Uie. vfti t JCan^ from '.-a ; 8 cund .;' ' ; '-;^is&? 



engineering point*' cf- ;^ri"ew eventually becemeX'the^task of Division whichf;wai5V.V.v5. 
barely orgeni 



^enized by tile :er«3 of the -/«ar .';.( , : V9vlSj},* J-Lia'iaon probleinsXin conhectic 

/■"■•■*'.;- ?<.--'■■:• ^- lv>y , t; ■•. — v - • - :--V£;. ; --t: • . . ... : 

—eat '^importance durinr thia^ period andf *er*-w«£ 



3 i -m 1 1 i ta ry i-br^ga n i za t i ona fa hd 83. hd 1 vldua-Ia'f ihvbl v ed 
&ti>^i Jni.ted sS Ll^eeJEnginceraEwer 
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and Docks Navy Depar tment f N0T3 Inyokem, NMD Yorktown and NAD MaAl*ster » 
After Parsons and Ashworth went overseas muoh of this wark -was handled by 
Capt. R, A, Lark In, USN , who arrived at Los Alwaos In June. 

19*8 The Wendover teat program under the supervision of Project Albert* 
continued at an increasing rate. The principal difficulty encountered in carrying 
out this program was the unfortunate failure of the company manufacturing Fat Man 
firing units, known as X-units # to neet its delivery schedule. In Addition to 
reducing the number of tests possible on the X-Units, this failure prevented 
efficient overall testing since many tests had to be repeated twise - once at 
an early date with all components except an X-unit and once at a critically late 
date with an X-Unit. The tightness of schedule resulting can best be illustrated 
by the fact that it was not until the end of July that sufficient X-Units had been 
tested to confirm their safety with HE* The first live tests with the X-onlt were 
not made until August h (Wendover ) and August 8 (Tinian). Despite these difficultiei 
a total of 155 test units were dropped at Wendover or Inyo kern between October lSWo.* 
and the middle of August l')U5 • Much information was obtained from these testa 
and the corresponding changes incorporated into the design of the bombs- 
Destination 

19«9 Perhaps the most important faction of Project Alberta was 
planning and preparing for overseas operations. As early as December 19^ the 
initial planning and procurement of some kits of tools and materials had begun 
and these activities continued at an accelerated rate through July* In February 
Camdr. Aehworth was sent to Tinian to make a preliminary survey of the location 
and select a site for Project activities. By March the construction needs for the 
Tinian Base, kriown as Destination, were froien, and construct! sn began in April. 
The buildings which were usf?d by Project Alberta had all be*n especially constructed 
by the Seabees. Kost of the buildings were located in the area assigned to the Is* 
Ordnance Squadron (Special) of the ! y(y)th ^roup, near the beaoh. The^e build i if; s 
included 1 + airconditionod '-i loaset huts of the type normally used for b-aaib sight 



repair, in which all the lab -*ra tory and instrument work was performed. These 
Nai lii-i^s were enclosed La a specially guarded area within the guarded wording 
area of the Group, In addition 5 warehouse buildings, a shop building and an 
administration building were located here. About a mile away ware throe widely- 
spaced, barricaded and guarded, a ircondlt ioned assembly buildings. Tan magazines 
and two special loading pits equipped with hydraulic lifts for loading bombs into 
the aircraft were also constructed. A third such pit was constructed at Iwo Jiua 
for possible emergency use. Materials for equipping the buildings and for handling 
heavy equipment in assembly, tools, scientific instruments and general supplies 
were all included in special kits prepared by the various groups oonserned, A kit 
for a central stockroom was also started, but the materials for the latter had not 
been shipped by the time the war ended. Beginning in May five batches :>f kit 
materials and of components for test and ccnbat units were shipped by boat to 
T1nian r and a number of air shipments for critically needed items were made in 5 
C- r >U aircraft attached to the 509th Group, Project Alberta was able to beat its 
schedules largely because of the availability of those C~5U*8 for emergency 
shipments , 

1'9 • 10 As early as June l9Ui # the need had been considered for selecting 
personnel for field crews required in final delivery of the bomb and in the later 
stages of exper ime n tat Ion and testing prior to delivery. At that time it was agreed, 
however, that since the type of work might change and since there were many people 
anxious to volunteer it »ould be wise to delay recrul t ircg „ Actually the personnel 
for the project teams at Tlnian were selected early in May 1\JLi5» an< * were organized 
n s f ol laws : 

Off icer- in' -Charge - Captain Parsons 
Scientific and Technical Deputy - Ramsey 

Operations Officer and Military Alte2*nate - Comdr* Ashworth 
Fat Man Assembly Team - Earner 
Little Boy Assembly T^am - Birch 



Fusing Team - Doll 

Electrical Detonator Team - Lt » Comdr, E. Stevenson 
Pit Team - Morrison and Baxter 
Observation Team - Alvarez and Waldman 
Aircraft Ordnance Team - S. Dike 

Special Consultants - Serber, Penney, and Capt , J, F. Nolan 
Team members included: H. Agnew, Ens, D. L. Anderson, T/5 B. Bederson, M. Bolstad, 
T/Sgt. R. Brin, T.Sgt. V. Caleca, M. Camao, T.Sgt. E. Carlson, T/4 A. Collins, T/Sg 
7. Dawson, -f/3£t. L* . Far tine, T/> V« , Goodmar. , T/j D. Hams, Lt, J. D, Hopper, r/Sgt 
J, Kupferterg* !<• Johnston, L. Langer, T/Sgt. W, Larkin, H. Linschitz, A. tiachen. 
Ens. D. Mastiok, T/3 R. Vatthows, tt. (jg) V. Miller, T/3 L. Motichko, T/'Sgt, 
Murphy, T/Sgt. E. Pfooker, T. Olmstead, Ens. f? . C*Keefe, T • Porlman, Ens, W. Prohs, 
Ens. G. Reynolds, H. Rusa, R, Schreifcer, T/Sgt. G, Thornton, Ens. Tucker and 
T/% F, Z inane/*'! * 

19,)1 The Los Alamos group formed part cf what was kncwn as the First 
Technical Service Detachment, and this army admii \ ez rat ive organization provided 
housing and various services and established security regulation* at Tinian. Also 
closely associated with the work of Project, Alborta at Tinian were the members of 
the ^Oyth Composite Group, whose duty it was to deliver the bombs to the enemy. 

19,32 Tt was deciced that Laboratory employees would remain on the 
Contractor's payroll. They were provided with per diem and anifr.rru allowances in 
addition to their regular salaries and also with insurance policies. Each civilian 
was required to wear a uniform and received an assimilated army rank in accordance 
with his civilian salary classification. 

I9. 1? Team leaders formed a Froject Technical Committee under the 
rba irmansr. ip of Ramsey to coordinate technical matters and to recommend t«chrical 
acMen-s , Project personnel were responsible for providing and testing "ertair of 
U.e b<.mb c usipcnen te ; for supervision and Inspection during the assembly uf v ,moc; 
f-r inspection prior to take 'ff; for testing completed units; for ^v*?ra^J co- 
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■:rdir.dat ic-n r >f j roject activltips, including the certification if the sat ia fac tvr i - 
neFs of *.be unit arid Hnall> for r rc<vidir'g advice *md reoomrriddd&ticns about the 

( 

^£.;e .f the weapon • 

19. ll. Although preliminary c one true t ion at Tin Ian began in April, 
techn'eQl work ^i<* not begin to any great extent until July. The first half of 
July was occupied in establishing and installing all of the technical facilities 
needed for assembly and test work at Tinian, After completion of these technical 
preparnti ens a series of four Little Boy tests was carried out with uniformly 
excellent results. The last of these included as part of the test a check of 
facilities at Two Jima for emergency reloading of the bomb into another aircraft. 
The first of three Fat Man tests was made on August 1 and showed essential coropunenti 
operating satisfactorily; the last of these tests on August 8 was conducted as a 
final rehearsal for delivery and used a unit that was complete except for active 
n&ter i al • 

■ ly.13 The U^>5 projeotlle for the Little Boy was delivered at Titian by th 

cruiser Indianapolis on July c6 t only a few days before its tragic sinking off 
Peleliu. The Indianapolis had bean especially held at San Francisco to wait for this 
cargo, and had then made a record run across the Pacific, The target insert 

arrived on the 26th and 29th of July in three separate parts, as the only cargo of 
three Air Transport Command C-5k'»- Since the earliest date previously discussed 
for combat delivery was August 5 ( at on « time the official date was August 15), 
Parsons and Ramsey cabled Gon. Groses for permission to drop the first active unit 
as early as August 1. Although the activ* unit was completely ready, the weather 
was not and the first four days of August were spent in impatient waiting. Finally 
?n the morning of August 5 * report came that weather would be good ^he fo Hewing 
day and shortly afterwards official confirmati on came f r cm laaj* Gen» LeMay r Corn-man dir£ 
General of the 20th Air Force, that tho mission would take place on August 6. The 
Little 3oy was leaded onto its trarisp orting trailer the moment the official ocr. - 
f 'rniM ti^.n came through and was taken to ths loading pit and leaded !nto t^.a 
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Final testing of the unit was completed and all was ready early ia the evening. 
Between then and takeoff the aircraft was under continuous watch both from a mlJita 
guard and from representatives of the key technical groups. Final briefing; was at 
midnight and shortly afterward the crews assembled at their aircraft under brilliaa 
floodlights with swarms of photographers taking still and motion pictures. For thi; 
mission Col. P* It. Tibbets was pilot of the Enola Gay, the B-29 which carried the 
bomb, Maj. Thomas Ferebee was bombardier, Capt. Parsons was bomb commander and 
Lt. Morris Jepson was electronics test offioer for the bomb, 

19*16 Oily a few days before the scheduled drop it was decided by the 
technical group that it was not safe to take off with the bomb completely assembled, 
since a crash might mean tremendous destruction to men and materials on Tinian. Ful 
safing could not be secured, but it was finally agreed that a partial safeguard woul 
come if the oartridge which contained the propellant charge were inserted through 
the opening in the breech block during flight rather than on the ground. Thia schem< 
had been considered before ( li*. * 17 ) but was not finally adopted until this time* 
Capt. Parsons who was already assigned to the crew as weaponeer was given the job. 
This decision meant that Capt. Parsons had to be trained In a short time to perform 
the operation, and also that the bomb bay of the B-29 had to be modified to provide 
him with a convenient place to stand while completing the assembly* These things 
were done and the bomb was not completely assembled until the plane was safely 
in the air, 

19.17 The progress of the mission is described in the log which 

Capt. Parsons kept during the flight: 

6 August 191+5 021*5 Take Off 

0300 Started final loading of gun 

0315 Finished loading 

C605 Headed for Empire from Iwo 

0730 Red plugs in (these plugs armed the bomb so it would detonate 
if released) 

Olkl Started climb 

■j ptp Y** thnr report received that * gather ever primary and ternary 
targets was ^ood but net over secondary target 
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0838 Leveled off at 32,700 feet 

C847 All Archies {electronic fusee) tee ted to be OK 
0904 Course west 

ft 

0909 Target (Hiroshima) in sight 

09i5*l/2 Dropped bomb (Originally scheduled time ma 0915) 

♦ 

Flash followed by two slape on plane* Huge cloud 
1000 Still in sight of cloud which must be over 40,000 feet hitfh 
1003 Fighter reported 

1041 Lost sight of cloud 363 miles from Hiroshima with the aircra *'* 
being 26,000 feet high 
The crews of the strike and observation aircraft reported that 5 ainutes after 
release a low three mile diameter dark grey cloud hung over the center of Hiroshima 
out of the center of this a white column of smoke rose to a height of 35,000 feet 
with the top of the cloud being considerably enlarged. Four hours after the strike 
photo-reconnaissance planes found that Boat of the city of Hiroshima was still 
obscured by the cloud created by the explosion although firae could be seen around 
the edges . Pictures were obtained the following day and shewed 60 per cent of the 
city destroyed* 

19-18 The active component of the Fat !&n came by special 
transport • « The HE components of two Fat Men arrived in 
two B-29a attached to the 509th Group, which had been retained at Albuquerque 
especially for this purpose. In all cases the active components were accompanied 
by special personnel to guard against accident and loss. 

19.19 The first Fat Man was scheduled for drepping on August 11 f«t me 
time the schedule called for August 20^ but bv August 7 it nas apparent that the 
schedule could be advanced to August 1C. When Fersont and Ramsey proposed this 
change to Tibbets he expressed regret that the schedule could not te advanced two 
days instead of only one since goad weather was forecast for August 9 and bad weath* 
for the five succeeding day*. It was finally agreed that Project Alberta would vy 
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to be ready for August 9 provided it waa understood by all concerned that the 

* 

advancement of the date by two full daya introduced a large measure of uncertain 6 „■« 

All went well with the assembly, however, and the unit was leaded and fuJUy che- i 

late in the evening of August 8. The strike plane and two observing piano* took 

off shortly before dawn on August 9* Maj« C. f . Sweeney was pilot of the strike 
Great Artiate 

ship / Capt. K. K. Beahan was bombardier, Cc*dr. Ashworth was bomb commander and 
Lt. Philip Barnas was electronics test officer* 

19*20 It was not possible to "safe* the Fat Man by leaving the assembly 
incomplete during takeoff in the same manner as the Little Boy* The technical staff 
realized that a crash during takeoff would mean a sericus risk of contaminating a 
wide area on Tinlan with p3utonium scattered by an explosion of the HE and even acme 

r 

risk of a high order nuclear explosion which would do heavy damage tc the island. 
These risks were pointed cut to the military with the recast that special guarding 
and evacuation precautions be taken during the takeoff. The Air Force officer in 
command decided that such special precautions were not necessary, and as It turned 

* 

out the takeoff was made without incident* This mission was as eventful as the 
Hiroshima mission was operationally routine. Comdr* Ashworth' s log for the trip 
is as follows} 

0%7 Take off 

0400 Changed green plugs to red prior to pressurising 

0500 Charged detonator condensers to teat leakage. Satisfactory. 

0900 Arrived rendezvous point at Yakashlma and circled awaiting 

accompanying aircraft • 
C920 One BV29 sighted and joined in formation • 

0950 Departed from Yakashlma proceeding to primary target Kokura having 
failed to rendezvous with second B-29. The weather reports 
received by radio indicated good weather at Kokura (3/10 low 
clouds, no intermediate or high clcuds, and forecast of imprc 9 
conditions) The weather rsj^ts for Nagasaki were good but 



increasing cloudinws* was forecast. For this reason t n ,* >r*..T*i 7 

target was selected. 
I0LJ4, Arrfvec* initial point and started bombing runs vT* target* ?* (| :"/' 

was obscured by heavy ground hate and smoke. t Two additional ru 

were made hoping that the target might be picked up after cl*sar 

observation* ♦ However, at no tine was the aiming point seen. 

It was then decided to proceed to Nagasaki after approximately 

U5 minutes spent in the target area. 
1150 Arrived in Nagasaki target area. Approach to target was 

entirely by radar. At 1150 the bomb was dropped after a twenty 

second visual bombing run. The bomb functioned normally in 

all respects . 

1205 Departed for Okinawa after having circled smoke column. Lurk f 
available gasoline caused by an inoperative bomb bay tank b.-osVr 
p'jap fr-rced decision to land at Okinawa before returning to Tlr.:*r 
Landed at Yon tan Field, Okinawa 
1706 Departed Okinawa for Tinian 
2:%5 Landed at Tinian 
Because of bad weather good photo reconnal ssanoe pictures were not obtained until 
almost a week after the Nagasaki mission. They showed I4I4. per cent of the city 
destroyed; the discrepancy in results between this mission and the first was 
explained by the unfavorable contours of the city. 

Vj.2X Exchange of i nf crma ti;« between Tinian and Los Alamos was 
extremely unsatisfactory, and caused considerable difficulty at each end. 
Nece^sar'ly tight security rules made direct c.-rniPiunicatlcni impossible, and 
teletype messages were relayed from one place to the ether through the Washington 
Liaison Office using an elaborate table of codes prepared by Project Alberta* 
Late in July, the Laboratory sent Man ley to the Washington Liaison Office sn an 
attempt to make sure that there wnuld h$ no friction in the r^gulir channel* 
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information and that no Information was being held up In fleshing ton which would 
conceivably be of interest. The first, news of the Hiroshima drop came to Los 
Alamos in a dramatic teletype prepared by Man ley summarising the messages sent 
by Parsons from the plane after the drop (see Appendix No, 2), 

19 .22 On the day following the Nagasaki mission the Japanese initiated 

—^^~^^^ m ^™ mi ^ m ~ m ^^^^ m tl . w r ^ r .^ f1 ^ 1 _ 1||[iinni . ||iiti)iw| ^ 

surrender negotiations and further activity in preparing act Its un i t s ws L ijsu spend ed 
The entire Project was maintained in a state of complete readiness for further 
assemblies in the event of a failure in the peace negotiations* It was planned to 
return all Project Alberta technical personnel to the United States on August 20 
except for those assigned to the Parrell mission for investigating the results of 
the bombing in Japan. Because of the delays in surrender procedures Gen. Groves 
requested all key personnel to remain at Tinian until the success of the occupation 
of Japan was assured. The scientific and technical personnel finally received 
authorization and left Tinian on September 7» except for Col. Kirkpatrick and 
Comdr. Ashworth who remained to make final disposition of Project property. With 
this departure the activities of Project Alberta were terminated. 

19«23 The objeotive of Project Alberta was to assure the successful 
combat use of an atomic bomb at the earliest possible date after a field test of 
an atomic explosion and after the availability of the necessary nuclear material. 
This objective was accomplished. The first combat bomb was ready for use against 
the enemy within 17 days after the Trinity test and almost all of the intervening 
time was spent in accumulating additional active material for making another 
bomb. The first atomic bomb was prepared for ccmbat use against the enemy on 
August 2, within four days of the time of the delivery of all of the active materia 
needed for that bomb. Actual combat use was delayed until August 6 only by bad 
weather over Japan. The second bomb was used in combat only three days after the 
first although it was a completely different model and one much more difficult, 
to assemble. 
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Chapter PC 
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20.1 After the end of the war the laboratory experienced a sudden relax- 
ation of activities. Everything had been aimed at a goal, and the goal had been 
reached. It was a time for evaluation and stock- taking. Plans for the future of 
Los Alamos and. of nuclear research in general were widely discussed. Members of 
the Scientific Panel of the Presidents Interim Committee on Atomic Energy met 

Los Alamos, and prepared for the Committee an account of the technical possibil- 
ities then apparent in the atomic energy field. A series of lecture courses was 
organized, called the "Los Alamos University", to give the younger staff members 
the opportunity to make up for some of the studies they had missed during the war 
years , 

20.2 While research projects that had been under way at the end of the 
war were being completed, plan3 for the period to follow were being formulated. 
Although their discussion leads beyond the period of the present report, one that 
may be mentioned was the outlining and writing of a Los Alamos Technical Series, 
under the editorship of H. A. 3ethe, to set down a more systematic and polished 
record of the Laboratory's work than had been possible during the war. There 
was some concentration of effort to complete the theoretical investigations of 
the Super described in Chapter 13. Weapon production had to continue, and plans 
were made to finish the development work on the implosion bomb, including the 
levitated core and composite sphere assemblies mentioned previously (L1.2). 

20. J This history has betn an account of problems and their solution, 
of work done. The other side of the history of Los Alamos, the reactions of 
these accomplishments upon the people who made them, is present only by implica- 
tion. This account ends at a tire, hov/cver, when these reactions aisui ed a 
sudden importance, and it is impropriate that it should end /ith some description 
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20.4 For many members of the laboratory the Trinity test marked the 

► 

successful climax of years of intensive and uncertain effort. A new kind of 
weapon had been made, and the magnitude and qualitative features of its operation 
had been successfully predicted. Despite the fact, perhaps in part because of the 
fact, that the explosion occurred as expected, the sight of it was a stunning ex- 
perience to its creators, an experience of satisfaction and of fear, A new force 
had been created, and would "henceforth lead a life of its own, independent of the 
will of those who made it. Only at Trinity, perhaps, were its magnitude and un- 
predictable potentialities fully grasped and appreciated. 

20.5 Four days after the first bomb was dropped over Hiroshima, the 
Japanese began surrender negotiations. The feelings that had marked the success 
of the Trinity test were evident once more. But now^the Laboratory, experiencing 
the sudden slackening of effort that followed the end of the war, began to speak 
seriously of the bomb and its consequences for the future* The thoughts that were 
expressed were not new, but there^ had been no time before to express thea* Since 
1939, when the decision had been made to seek Government support for the new 
development, a uniformity of insight had grown up among the working scientists of 
the Manhattan District. They had come to realize that atomic warfare would prove 
unendurable. This vraa learned by the Japanese in the days of Hiroshima and 

* 

Nagasaki, and soon all the world was saying it. 

20.6 What the members of the laboratory saw who joined in these dis- 
cussions was more incisive than this. Atomic bombs were offensive or retaliatory 
weapons, their existence was a threat to the security of every nation which it 
could not venture, without the gravest risk, to meet on the military plane alone. 
The law of counter development, which has so uniformly in military affairs operated 
to produce new defenses against new weapons, could in this case operate to open 
channels of collaboration that have not previously existed among nations. The 
wartime scientific collaboration that had produced this weapon could, by its worlo- 
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wide extension, be made uniquely the means for eliminating it from national 

armaments. Men of science, who had as a group never been concerned with the 

» 

problems of society and of nations, felt responsible to tell the American 

public of the nature and implications of the new weapon, and to make clear the 

I 

alternatives for the future that had arisen. This concern received perhaps its 
best and simplest expression in a speech by Oppenheimer, given on October 16, 
1945 when the laboratory was presented by General Groves with a certificate of 
Appreciation from the Secretary of War: 

20»7 "It is with appreciation and gratitude that I accept from you this 
scroll for the Los Alamos Laboratory, for the men and women whose work and whose 
hearts have made it. It is our hope that in years to come we may look at this 
seroll, and all that it signifies, with pride. 

"Today that pride must be tempered with a profound concern. If 
atomic bombs are to be added as new weapons to the arsenals of a warring world, 
or to the arsenals of nations preparing for war, then the time will come when 
mankind will curse the names- of Xos Alamos and Hiroshima. 

"The peoples of this world must unite, or they will perish* This 
war, that has ravaged so much of the earth, has written these words • The atomis 
boob has spelled them out for all men to understand. Other men have spoken them, 

■ 

in other times, of other wars, of other weapons. They have not prevailed. There 

4 m 

r 

are some, misled by a false sense of human history, who hold that they will not 
prevail today. It is not for us to believe that. By our works we are ccranitted, 
Committed to a world united, before this coasnon peril, in law, and in humanity." 




Graph Nunbetr 1 
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Age Distribution of Civilian Personnel - Itey 1945 

Twc curves are shown, one a sample of all employees, the 
other of scientific employees only. The averages for both 
ere low - 29»4 for the scientists and Jl .3 for the others - 
with 27 the most probable age for both. Actually there is 
only one man over 68 among the scientific employees. These 
figures emphasize the imports nee of the draft deferment 
problem. 

Information was obtained from the active card file of the 
Personnel Division in June 1945. 
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Graph Number 2 

Number of Persona Employed * Distribution among Civilians, WAC, SED 

Shown sharp and continuous increase of persoaiiel from 
beginrd ng of project* Civilians increase at a steady- 
rate, WAC contingent remains about the Sam*** and SID 
contingent increases very rapidlv. 

Infcrmtion m& obtained fro* records of Technical 
Area and SED personnel offices ♦ 



25 



20 



15 



o 
o 

X 
CO 

o 

0. 











































































Ml 










ni 




pi 






n 


NS 


F 


M 


i I 
PLOYF 


D 


- 




S" 












^* 


n 






a 


R 


RIRIITIHM AMONG P. IV II IAN WAC SED 




/ 


















fr.MMUI ATIVF TOTAL-PERSONS PER 




/ 


— 


! 


































MONTH) 




































































































1 


r 






























































-1 

y 






























SI 




► 


NCLUC 


>ES 


19 


FO 


Rl 


WIER 








/ 






































CIVILIANS 

M 1 1 I I 1 


















/ 
































< 


31 

Ef 


71 


LIANS INCLUDE 


1 

E 


0 FORMER 
































IS 


IT 


E 




R 


E! 


3E 


:r 


V 


C 


01 


Rf 


>S 


, 


i — 




































































































































































































































































































































































































































s 


E 


D 




































































































































A< 






































































































































































































c 


IV 


IL 


M 


to 


IS 
























































































































































































































































































! 

















3 5 7 9 
1943 



II I 3 5 7 9 
1944 

DATES 



3 5 
1945 



Grfipl; Number 3 



Percentage Pis tributinn of Personnel amor^ Civi'.ianfc, WAC, SKD 



bate of pre virus rt* s P^ rerlotter] or: y t r cent* gc basis . 
project changed from being ICO* civilian during first 
five months to %>%■ civilian it July 1S4*. 
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Graph Number A 

1 

Distribution of Personnel by Occupation Groups 

Classification of personnel into five large categories, according 

to occupation, as of May 1945. Pie charts are proportional in dia- 

meter to number represented. In the chart for the total number 

one sees the preponderance of scientific and technical personnel; 

in the civilian chart the preponderance of scientific personnel; 

in the SED chart the preponderance of technical personnel. The 

* 

chart of terminations shows the Very small proportion of scientific 

personnel terminating and the relatively large proportion of skilled 

labor terminating. The latter fact reflects some of the difficulties 

encountered by the shops in retaining personnel, as well as a, difference 

in motivation. j 

Information was obtained from card files in Tech area and SED personnel 



offices. 

Un - Unskilled (Laborer, Messenger, Warehouse Ass't.) 

m - V/hite Collar (Clerk, Secretary, Nurse, Teacher) 

3k - Skilled (Machinist, Toolmaker, Glassblower) 

T - Technical (Technician, Draftsman, Scientific Ass't.) 

Sc - Scientific & Administrative (Jr. Scientist and up) 
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DISTRIBUTION OF PERSONNEL BY OCCUPATION GROUPS 

MAY 1945 
T0TAL = 223! 




DISTRIBUTION BY OCCUPATION GROUPS OF 
TERMINATED PERSONNEL UP TO 6-1-45 



TOTAL* 524 
(84% CIVILIAN) 




271 LABORERS, WAITRESSES.ETC. TRANSFERRED 

TO POST 1/44 
322 LABORERS, WAITRESSES,ETC. TERMINATED 

BEFORE GROUP TRANSFER 1/44 
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Graph Number 5 



Total Personnel - Distribution by Divisions 

Shows growth of various divisions, reflects change in 
emphasis from research to engineering, especially after 
reorganization in August 19AA» Engineering divisions G, 
X and 0 assume large proportions while research divisions 
R and T remain small. 

Information was obtained from group assignment records of 
Tech Area and 3ED personnel offices. 

Abbreviations and letters refer to various divisions: 
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Gr'iph r-Tumber 6 

Percentage Distribution of Personnel among Divisions 

13a ta of previous graph replotted on percentage basis, 
Shops, G, X and 0 account for more than half of total 
personne 1« 

Abbreviations and letters refer to various divisions: 
Exp-- Tr & A 

Eng. F 
Theo. R 

Cheio. G 
ohops X 
Admin. 0 
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CM 
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Graph Number 7 

Purchase Requests Handled by Procurement Office - Teletype and Mail 

Total number of request© handled each ironth by Procurement 
during 1944 «nd part of 1945. Mail requests represent bulk 
of routine business , teletype requests those items needed 
with special urgency. Peak month, especially for teletype 
requests, was ltey 1945* in preparation for Trinity. Note 
the sharp slump which follows. Each request involves at least 
60 pieces of paper, according tc Procurement records. 

Information was obtained frcrc a monthly record of purchase 
requests kept in the request file section* 
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Graph Nutnler 8 

Total flren of Technical Corm true Hon - Technical Area and Cutlying Si tea 

Shows steAdy growth of cent; true lien both in Technical Area and 
outlying sites. Sharp rate of increase In outlying site cons- 
truction In June 194.5 represents completion of first buildings 
at It? site. For more inf c-rrra tioi* see map of sites , Appendix 

Information was obtained frcm files of D # Dew in Director^ » 
Office, files of Post Construction Officer and files of W. C „ 
Kruger, Project Architect. ; 
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Graph Number 9 



Tola] \l*n- hours of Work in VHehlnn Shops 

Shews rapid expansion of shops after recr^ani zati.cn . Slump 
in C Shop in Jmxuary and sharp riae in F«bm«ry indicate 
results of fire. Peak of activity in C Shop In Jun« prepara- 
tory to Trinity, followed by sharp decrease in activity; 
one- Tionth l«ig Id peek f t V Shop, but basis sharp- dfcifase 
follow. 

Inf crma tion was obtained frcw weekly records kept ir office 
of machine shops. 
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Graph Number 10 



Total Mao-hours of ior\ in V ohop and Distribution by Divisions 
Jhows largest proportion of work done In V Shop for G and 
CM Divisions • Vfork lone for A Division represents work done 
for shops theruselves. Decrease in activity for all divisions 
except A after June 1 5 • 

Information vns obt lined frora weekly records kept in machine 
shop office. 

Letters refer to various divisions: 
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Graph Number 11 

Total Man-hours of Work in C Shop and Distribution by Divisions 

Shows largest proportion of work done in C Shop for 
X Division. Fire accounts for slump in activity in 
January, no apparent reason for subsequent slimp in 
March. 

Information was obtained from weekly records kept in 
machine shop office. 

Letters refer to various divisions: 
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Graph Number 12 

Hi^h Enrichment Uranium' 2 35 Receipts fror, Bet* Stage of Y-12 Plant 

Cumulative total of U 235 received up to date of Trinity 
test. This represent* all highly enriched U 235 produced 
by the District. Such material was shipped after the 
final process ing done in the beta stage of the Y-12 plant 
at Oak Ridge. Enrichment of U 235 in" tubealloy increased 
from 63? to 89%» 

Information was obtained froiri records of receipts in 

* 

Director* s Office, now filed with the Quantity Control 
Section of the Chemistry and Metallurgy Division. 
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Graph Number 13 

Plutonium Ou 239) Receipts - Clinton and Kanford 

Cumulative total of Fu 239 receipts fron Clinton and from 
H&nford. Clinton production very small, increasing slcurly until 
it ended in February 194 5. Hanford startup wee in September 
1944- first material was received from there In February 
1945, 

Information was obtained from records of receipts in Director's 
Office, now filed with the Quantity Control Section of the 

t 

Chemistry and Metallurgy Division. 
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' OFFICE FOR EMERGENCY MANAGEMENT 

' OFFICE OF SCIENTIFIC RESEARCH AND DEVELOPMENT 




1530 P STREET NW. 
WASHINGTON, D. C. 

VANNEVAR BL'SH 
DvecUM 

February 2£, iyU 



Dr. J« K. Oppenhelmer 
University of California 
Berkeley, California 

Dear Dr. Qppenheuaer t 

We are addressing tnia letter to you ae tne Scientific 
Director of the special laboratory in New Mexico in order to con- 
firm our many conversations on the matters of organization and 
responsl oility. You are at lioerty to show this letter to tnose 
with whom you are discussing tne desirability of their joining 
the project witn you; tney of course realizing tfteir responsibility 
as to secrecy, including the details of organization and personnel. 

I. The laboratory will be concerned witn the development 
and final manufacture of an instrument of war, whlcn we may desig- 
nate as projectile S-l-T. to this end, the laboratory will be 
concerned witht 

A. Certain experimental studies in science, 
engineering and ordnance; and 

B. At a later date large-scale experiments 
involving difficult ordnance procedures 
and toe handling of highly dangerous 
material. 

The wotjc of the laboratory will be divided into two periods in 
times one, corresponding to the work mentioned in section A; the 
other, that mentioned in section B. During the first period, the 
laboratory will be on a strictLy civilian basis, the personnel, 
procurement and other arrangements being carried on under a con- 
tract arranged between the War Department and tne University of 
California. The conditions of this contract will be essentially 
similar to that of the usual OSRD contract. In such matters as 
draft deferment, the policy of the War Department and OSRD in regard 

to the personnel working under this contract will be practically 
identical. When tne second division of the work is entered upon 
(mentioned in B), which will not be earlier than January 1, L9hk, 
the scientific and engineering staff will be composed of commissioned 
officers. This is necessary because of the dangerous nature of the 
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worK and tne need for special conditions of security. It is ex- 
pected that many of those employed as civilians during the first 
period (A) will be offered commissi ens and become members of the 
commissioned staff during the second period (8), but there is no 
obligation on the part of anyone employed during period A to accept 
a commission at tne end of tnat time* 

II. The laboratory is part of a larger project whicn has 
been placed in a special category and assigned tne highest priority 
by tne President of tne United States. By his order, the Secretary 
of War and certain other high officials have arranged tnat tne 
control of this project shall be in tne nands of a Military Policy 
- Committee, composed of Dr. Vannevar Bush, Director of OSrtD, as 
Chairman, Major General W. D. Styer, Chief of Staff, SOS, Kear 
Admiral W. &• Purnell, Assistant Chief of Staff to Admiral King; 
Dr. James B. Conant serves as Dr. Busn's deputy and alternate on 
this Committee, but attends all meetings and enters into all dis- 
cussions* Brigadier General L. R. Groves of the Corps of Engineers 
has been given over-all executive responsibility for this project, 
working under the direction of the Military Policy Committee. He 
worics in close cooperation with Dr. Conant, who is Chairman of the 
( group of scientists who were in charge of the earlier phases of 

some aspects of tne investigation. 

III. Responsibilities of tne Scientific Director. 

1. He will be responsible fort 

a. ine conduct of the scientific wor*c so that 
tne desired goals as outlined by the Military Policy 
Committee are acnieved at the earliest possible dates. 

b. The maintenance of secrecy by the civilian 
personnel under his control as well as their families. 

2. He will of course be guided in his determination of 
policies and courses of action by tne advice of his scientific 
staff. 

3* He will keep Dr. James B. Conant and General Groves 
informed to such extent as is necessary for them to carry on the 
work which falls in their respective spheres. Dr. Conant will be 

available at any time for consultation on general scientific 
problems as well as to assist in tne determination of definite 
scientific policies and research programs. Througn Dr. Conant 
complete access to the scientific world is guaranteed* 
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IV. Responsibilities of tne Commanding Officer* 

1* The Commanding Of 1*1 car will report directly to 
General Groves* 

2* He will be responsible fort 

a. The wor* and conduct of all military personnel* 

b. The maintenance of suitable living conditions 
for civilian personnel* 

c. The prevention of trespassing on tne site. 

d. The performance of duty by such guards as may 
be established within tne reservation for the purpose 
of maintaining the secrecy precautions deemed neces- 
sary by tne Scientific Director. 

V. Cooperation. 

Tne closest cooperation is of course necessary between 
tne Commanding Ofilcer and the Scientific Director if each is to 
perform his function to the maximum benefit of the work. Such a 
cooperative attitude now exists on tne part of Dr. Conant and 
General Groves and has so existed since General Groves first 
entered tne project* 



Very sincerely yours, 




Appendix Number 2 
Hiroshima Teletype 

Copy of teletype announcing success of Hiroshima 
mission received at Los Alamos from Washington 
office, prepared by Manley (see Chapter XIX), 

Note comments by teletype operators at end. They 
were T/3 Flora L. Little of Jackson, Mississippi in 
the Washington office and T/3 Mildred Weiss of New 
Orleans, Louisiana in the Los Alamos office* 




»"0P Mil HAISO* QIC MA^'DC MC «VS<<M03 
T3 COfWuaiaC Off I CIA CUM CREEK 

lira nun - tut one 
ut 




flashed fron the plane ay parson* cm. fin minutes after release 
mo ulatid nn mas tmis nwotfunaN won run ref cidh w. 
to omutiHi from ceneral aom nit iuh or nsssaccs ntruu 
•r doctor iumut paren cleaj cut uwin com* in all iukcti succxs 
fbl ra uctioco n test ih visidlx efiect* n normal coHsmmmri 
cow mom obtained in aircraft vni deliwrt vas accomplish™ pd 
visual attack oh Hiroshima at zt to five two run ou nn i kith 
oriy one tenth CLOU» COVE* r» J LACK AM riCHTERS ANIENT unuiote after 
mnil ttTUM TO BASE AND CXMCAA1 INTERN OCA Tl ON farrell SCUT the 
FOLLOVICXXTX fOLLOWIMC INFORMATION QUOTE AURCE_OPtJ|tNC IK CLOUD 
COfU BIRECTLT OVEN TABCET HA DC NOKBlNC FAVORABLE » EXCELLENT RECOAD 

reported rtoH f astai n films nor tit processed but onti observinc 
■—i i.i mo i«nci»n cooo num records mfiN apph 

MOID XFA 
I Nil 

K NOV RANT LINES DID U CET 
I 17 LIMA 

ftANCS ALSO ANTICIPATE GOOD Kill RECORDS PD NO APPRECIABLE NOTICE Of 
SOUND PO MICRT DA TL I CAT CAUSED FLASH TO RE LESS BLlNOIMC THAN TAPIII 

nm ball of ritt chanced ih a rev records to purple clouds and 

•OIL INC AND UPVARO SMlRLlNC FLAMES PO TURN JUST COMPLETED tfHEN rLASH 
VAS AXII OKI RVIO PS INTENSLT MI CUT LISMT CONCEALED DT ALL AND AATE 

or use or white cloud fAsna than at ti n it mas one third create* 

IN DIAMETER IEACNINC THIITT THOUSAND fEET IN THREE MINUTES PD MAXIMUM 
ALTITUDE AT LEAST fOtTT THOUSAND fUT MITH FLATTENED TOP AT THIS 
LEVEL PD COKRAT AIRPLANE THRU HUNS RED SIITT THREE MILES AMAT AT 

•Nitn^iffjEStHousAND rur odseavedit po d 

MIL ACN 

* « OK OPR HELL JUST HA VI TO KEEP TftlNC AS THESE MESSAGES At IHP 
HIN PLS 

OPR U STARTED THIS HSC As PAUT TWO ISNT IT PAIT Of PAST ONE 

M HIN OPR I TOLD U I HO START PART TVO WHERE PART ONE HlLED 
IS THAT CLEAR 



DUT OPR I OIDNT CET PART ONE COUPLET! 

AMD TO I TOLD TO U TO SA START WITH 13 LINE 

AND THE 12 LINE U L 0 HELL I TMOT U MEANT U COT 13 OK 

H THIS IS A AWFUL HESS I (NT IT IT SH SURE It DOU THlHHl WNCEFC 



\ 
j 

HIH PLS 

TRY ANOTHER MACHINE KAYBE IT VILL DO VETTER 

OPR IT liHT UC HACH AND I KNOW IT IT S MINE AND THERE ISNT 
A THTHC CAN DC DONE AS THE REPAIR KAN SATS THERE ISNT ANYTHING WHONC 
WITH IT HES BEEN NEKE «U DAY AND TNI* IS AS COM AS IT WAJLL RUM 
T HAVE LOADS TO CO UU TO U TONICMT BUT tfELL HAVE TO £0 IT TnlS HAT 
A JEW LINES AT A TIKI HIM I WANT V) TALK TO TM. LT A HTN 

»* III call u back !»• a ar it ki*.-ti* 



At jenriix Number 3 




Site Hap 

Sc&le - l.P" S 1 mile, 3q\i«r«s are V? ™i* * 1/2 ^i* 
^ Hard surfaced roads 



. . . . Trails (foot) 
▼ V| Site and Designation Nunter 
— < — < Water supply main 



Fewer 

Firing sites 
I H h i r>F Site 
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Number 


Site 


Division 


NS Coordinate 


EW Coord irate 


I 


Post Tech Area 




100 


135 


II 


Omega 


G 


93 


121 


in 


S. lEesa 


G 


89 


158 


IV 


Alpha 


G 


68 


1C8 


V 


Beta 


G 


69 


94 


VI 


2-Mile Kesa - upper 


X 


74 


171 


VII 


2-lfile Mesa - lower 


Q 


69 


147 


VIII 


Anchor Gun Sits 


0 


65 


184 


EC 


Anchor HE 


X 


65 


183 


X 


Bayo 


G 


107 


71 


XI 


K 


G 


38 


157 


XII 


L 


* 

X 


59 


139 


XIII 


P 


G 


47 


171 


XIV 


Q 


X 


52 


152 


XV 


R 


X 


49 


138 


XVI 


S 


X 


46 


187 


XVII 


X 


G 


72 


192 


XVIII 


Pa jarito 


o-x 


45 


91 


XIX 


£. Gate lab 


R 


'J3 


n 


XX 


Sandia 


G 


77 


82 
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Trinity Project Detail Location Plan 



Station Groun Leader s 7ff b Pl 

Piezo Gauge Walker X 

Sentinel (Type A) Moon • 

Sentinel (Type B) Moon # 

Geophone Houghton A 

Paper Box Gauge Hoogterp £3 

Flash Bomb Mack B 

R 4 Ground Station Segre « , 

R ^ Balloon Winch Segre ? 

E. D* G« Moon *^ 

Mack Slit Camera Mack R 

Impulse Meter Jorgeneen © 

Condenaer Gauge Bright ■ 

Excess Velocity Gauge Barschall © 

Tank Range Poles Anderson A 

Tank Dag Poles Anderson p> 

Primacord Station Mack 4 

Metal Stake (Earth Disp) t Penney • 

Pieao Gauge Amplifier lalker 0 

Balloon Richards 9 

Balloon Winch Richards O 

Ground Station Richards 



Roads — 1 " — — 

Buried Wires or Cables 

Center Lines ; 

Tank Right of Way — ' — , — » — , ' — f — 1 . J \ 1 j 1 1 — 



Note: Angles are Azimuths on "OA 1 * Line 

Distances thus (800) are Radial Yards from "0" 

Distances thus (75') are Offsets from L of Roads and Center Lines* 

Scale* 1500 Yard circle - 1" ■ 300 Yards. - Sheet 1 
10,000 Yards - l m » 2750 Yards ♦ - Sh#et A 
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APPENDIX NUMBER 5 

Purity specifications of Pu 2 39 and U235 and neutron background 

caused by (or , n ) reaction. 




DELKTBB 

DELETED 



DELETED 



DELETED 
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II . Uranium 
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Appendix N timber 6 
Teermisel Area Plot Map 



VAp showing building layout. o£ the Technical 
Area, as draftee? in Deoenbar 19^'. Technical 
Buildings T, U, V, X, Y and 2 were con- 
structed as map lr i?ftt«8. 

For i ccfnpar iaor. of the growth of the Technical 
Area, refer to the Technical Area plot Map 
(31 December 19^6) shcMr, in Appendix ^ t Vo!aie I 
of Book VI II. ; 



Appendix Number 7 



File References 



Description 

Although the specific locations of certain references made in 
the technical part of the history of Los Alamos have been given below, 
generally copies of all cited reports including LA and LAMS reports will be 
found in the Document Rooil, and copies of other items including correspondence 
will be found in the Central Mail and Record Section of the Los Alamos 
Scientific Laboratory, Los Alamos, New Mexico. 

Ref. No. Item Par. No, 

1 Prime Contract No. V/-7405-eng-36 between University 1*21 
of dalifornia and Manhattan Engineer District of the 

War Department became effective 20 April 1943. A 
copy of this document is located in the Central Kail 
and Record Section, L03 Alamos, New Mexico, The 
Contractor's original copy is retained at Berkeley, 
California with Robert Underhill, Secretary- Treasurer 
of the University. 

2 IA-1 - The Los Alamo3 Frimer was written by Edward U. 1.27 
Condon and Robert Serber. It is based on a five 

lecture indoctrination course given at Los Alamos, 
April 19A3* A copy is located in the Document Room, 
Los Alamos Scientific laboratory, New Mexico* 

3, Memorandum of March 1943 from J. R. Oppenheimer on 1 # -S2 

initiation of experimental work in Ordnance. Personal 
files of J. R. Oppenheimer. 

4 Report of Special Reviewing Committee dated 10 May 1943. 1«B3 
Personal files of J. R. Oppenheimer 

5 Memorandum of November 194- from J. E. Oppenheimer to 2.3 
P. E. Peierls discussing points of difference between 
British snd American theoretical work. Personal files 

of J. K. Oppenheimer. 

6 Atotvic Energy for V.ilitnrv Purposes (3myth Report and 2./+ 
the British Inform 4 *. \cn Service .jtnte; -jen». "Brit iln an 2 

The Atomic 5onb", At a:-<t IX, 1945. /eprinted as - 
Supplement (Aj pen.1 ix n ) to Tri'iceton I'niversity Press 
Edition of the ..Ji;y+.;-. ."o. 
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Ref. No. Item Par, No. 

7 Copies of the minutes recorded from Governing 3.2 

Board Meetings are located in the Central Mail 
and Record Section, Los Alamo3 Scientific 
laboratory, Los Alamos, New Mexico. 

3 Letter dated 29 June 1943 from President F. D. 3.19 

Roosevelt to Dr. J. R. Oppenheimer. Personal files 
of J # R # Oppenheimer. 

9 03RD Health and Accident Policy (master Policy U. 5. 3«63 

No. 1) with the Fidelity and Casualty Company, New 
York City became effective 14 October 1942. A copy 
of this policy is retained in the Business Office, 
University of California, Los Alamos, New Mexico. 

ID The Manhattan District Master Policy No. 1, with Sun 3.66 

Indemnity Company, New York City became effective 
September 1943. A copy of this policy is filed in 
the Business Office, University of California, Los 
Alamos, New Mexico. 

11 The Manhattan District Master Policy No. 2 with 3.6# 
Sun Indemnity Company, New York City, became effective 

July 1944. A copy of this policy is filed in the 
Business Office, University of California, at Los 
Alamos, New Mexico. 

12 The Manhattan District Master Policy No. 3 with 3.63 
Sun Indemnity Company, New York City, became effective 

3 July 1944, as a supplementary policy to Master 
Policy No. 2. The Business Office, University of 
California, at Los Alamos, New Mexico retains a copy 
of this document. 

13 Hie original of the secret letter written to the 3»68 
University of California, concerning possible injuries 

from extra hazards, is in the office of the Secretary- 
Treasurer to the Regents of the University of California, 
Berkeley, California. A copy of this document is retained 
in the Central Mail and Records Section, Los Alamos, New 
Mexico. 

14 CL 697, Chapter 12, Revised Edition of the Project 3.96 
Handbook compiled by the Chicago Chemistry and Metallurgy 
Health Group with information on radioactive materials. 

A copy of this handbook, is on file in the Document Room, 
Los Alamos, New Mexico. 

15 The Purdue Research Foundation took over an OSRD Contract, 3*125 
under Contract No. W-7405-eng-146 and operated it from 

15 JuJjr 1943 until 30 .September 1943 at total cost of 
$11,370.72. A copy of this contract is located in the 
office of the L. Z\ rea I'.-.na.-v-r , 7>os Angeles, California. 
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Ref. No, Item Far, No* 

16 Sub-Contract No. 3 under the University of California 3.125 
Prime Contract No. W-7405-eng-36 was made with 

Frederick Flader, Buffalo, New York to cover special 
consultant and engineering services of his firm* The 
total costs of this sub-contract were $47,990.34. A 
copy of the contract is in the A. £. C« Area Manager f s 
office at Los Angeles, Calif omia. 

17 The California Institute of Technology was under an 3*12 5 
03RD Contract No. GEMsr-ifl£ for various phases of 

research. A copy of this contract is on file in the 
A. E. C. Area Manager^ Office, Los Angeles, California. 

18 LA-94 - First report of Itti Calculations of Implosion 4.20 
Hydrodynamics by H. A. Bethe, 20 June 1944. A copy of 

this report is located in the Document Room, Los Alamos, 
New Mexico. 

19 Contract No. W-22-075-«ng-54 with Harvard University 4.27 
covered the high pressure experiments performed by 

P. W. Bridgman. The total cost of this contract was 
$2 ,441, #9 reimbursed by the Manhattan Engineer District. 
A copy of this document is in the office of the A. E. C. 
Area Manager, Los Angeles, California. 

20 See Governing Board minutes referred to in Note 7. 5.63 



21 Originally there was an 03RD contract, No. OEUsr-1233 7#13 
with the University of Michigan. This expired 30 7#45 
November 1944 and work was continued under Contract 14*19 
No. iV-22-075-eng-30* This latter contract expired 

31 December 1945 , but was continued until 2S February 
1946 for purposes of fiscal and property clean-up work. 

22 Sub-Contract No. 2 under the University of Calif ornia*s 7*15 
Prime Contract No. W-7405-«ng-36 covered services with 

George B. Chadwick at a total cost of $23, 359*35. 
Primarily, he was to aid in employing personnel and 
training them in tool" staking and other precision work. 
A copy of this instrument is held in the office of the 
A. E, C. Area Manager at Los Angeles, California. 

23 03RD Contract No. T-lll with Norden laboratories 7.46 
Corporation. See files of OSRD, Washington, D. C. for 

copies of Contract and reports. 

24 LA-147 - Production of U by Electrolysis of Fused 8.23 
Salts, Author: Morris Kolodney, written September 28, 

1944. A copy of this report is filed in the Document 
Room, Los Alamos, New Mexico. 

25 LA-I24 - Preparation of Pu Metal on the One-Gram Scale 8.24(a) 
by Means of the Graphite Centrifuge. Written August 16, 

1944 by Nicholas Dallas, P. B. Loeb, Theodore T. Magel. 
A copy of the report is on file in the Document Room, Los 
, Alamos, New Mexico. 
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Ref. No. Item IWLfl IL J ™? ^ Nq> 

26 IA-412 and IA-472 8.24(b) 

LA-412 by R. D. Baker, Chemical and Metallurgical 
Operations Involved in the Fabrication of U-235 
for use in Nuclear Weapons: Part III. Reduction of 
Uranium Tetraf luoride to Metal, March 19, 1946. 
IA-472 by R. D. Baker, June 25, 1944. Preparation of 
Uranium Metal by the Bonfo Method* Copies of these 
reports are on file in the Document Room, Los Alamos, 
New Mexico. 

27 IA-124 - See Reference No. 25* 8*41 

28 LA-473 - Preparation of Pu Metal by the Bomb Method 3,42 
by R. D. Baker, May 15, 1946. A copy of this report 

is filed in the Document Room, Los Alamos, New Mexico* 

29 Piles of the Los Alamos Implosion Program Reports are 9*3 
located in the Director's Office, Los Alamos, New Mexico. 

30 The Weapons Casmittee Minutes and other files pertaining 9*10 
to this Administrative Group are located in the Central 

Mall and Records Section, Los Alamos, New Mexico, 

31 flie first human tracer experiment was performed in 9»30 
Rochester, New York, 9 April 1945. This is covered by 

a report written by the Rochester Health Group entitled 
"Plutonium Excretion Analysis - Statistical Summary", a 
eopy of which is on file in the Bic— Chemistry Office of 
the Los Alamos Health Group, Los Alamos, New Mexico. 

32 A Safety Manual was prepared July 1945 by Bradbury, 9*37 
, Harley, Fitspatrick, Hopper and Bradner, on the proper 

handling of high explosives, equipment, etc* A copy of 
this manual is on file in the Director's Office, Los 
Alaaos, New Mexico. 

33 CS-2229 - A Chemistry Division Report by T. R. Hogness, 12.4 
September 1944. A copy of this report is in the 

Document Room, Los Alamos, New Mexico. 

34 Acceptance specifications and fabrication procedures 15*46 
files are located in the Office of the Director, Los 

Alamos, New Mexico, 

35 Furniture and laboratory equipment for DP site was 17. 90 
built by Kewaunee Mfg. Co. under contracts administered 

by Major Edward White, U.S.E.O., P. 0. Box 1539, 

Santa Fe, New Mexico, The contracts covering this work 

were: 

Date Number Cost 

ETSep. 44 W-7425~eng-68 $437225.04 

3 Apr. 45 W-17-02$-eng-15 9,990.00 

23 Apr, 45 W-17-028-eng-19 27,703**00 

5 May 45 W-17-O2*-eng-20 523,539.13 

21 May 45 W-17-028-eng-25 5,494.05 
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Ref. No« Item Par, No. 

36 Measurements Proposed for Gadget Test by L. Fussell, 13.2 
Jr. and K. T. 3ainbridge, 1 September 1944. See 

Appendix 2, Volume 24, Los Alamos Technical Series 
for complete report. 

37 Complete report outlining plan, scope, and justification 13 ♦ 5 
of Trinity was written by G. B. Kistiakowsky to Dr. 

J. R. Opp-enheimer on the subject Activities at Trinity, 
dated 13 October 1944. This is given in its entirety 
as Appendix 6, Volume 24, Los Alamos Technical Series. 



GLOSSARY 




cr.tt) reaction 



Any nuclear reaction in which an alpha particle (he 11 von nucleus) 
is absorbed by a nucleus, with subsequent emission of a neutron. 
Autooata lytic Assembly 

Any method cf assembling super-critical amounts of nuclear explosive, 
in which the initial stages of the explosion are made to assist the 
further assembly of the explosive, e.g., by expulsion or compression of 
neutron absorbers placed in the active material* 
Daratol 

A ca stable explosive mixture of barium nitrate and TNT. 

Barons 1 

A oa stable explosive mixture of barium nitrate, TNT and aluminum. 

Betatron 

Induction electron aooelerator for generating electron beams of very 

great energies. 
Branching ratio 

The ratio of the capture cross-section to the fission cross section. 
Cocker of t-Walton Accelerator 

An accelerator using voltage multiplication of the rectified output 
of a high voltage transformer to obtain a high potential. 
Composition B 

A castable explosive mixture containing RDX, TNT, and wax in the 

proportion 
Critical Mass 

That amount of fissicnable material which, under the particular con- 
ditions, will produce fission neutrons ^at a rats just equal to the rate 
at which they are lost by absorption (without fission) or diffusion out 
of the mac y. 



The critical mass when the active material is surrounded by 
a tamper. 
Critical Radius 

The radius of a spherical arrangement of fissionable material equal 
to one critical mass under existing conditions. 
Cross -Sect ion 

A quantitative measure of the probability per particle of the 
occurrence of a given nuclear reaction. It is defined as the number of 
nuclear reactions of a given type that ooour, divided by the number of 
target nuclei per square centimeter and by the number of incident particles. 

Absorption Cross-Section * 

The cross -sect ion for the absorption of a neutron by a given 

nuc leus. 

Capture Cross -Section 

The cross-section for the (n,Y ) reaction, in which a neutron 
is absorbed by a nuoleus, with subsequent emiscion of gamma radiation. 
Fission Cross-Section 

The cross -sect ion for the absorption of a neutron, followed by 
fission. 

Scattering Cr pes -Section 

The cross -sec tion for the scattering of a neutron by the nuclei 
of some target material. Since scattering is a quantitative natter , 
the definition is incomplete. The differential scattering cross - 
section is the cross-section for scattering at an angle between 
0 and 0 + d 0 • The transport oross-seotlon is an average or integral 
scattering cross-section # so defined as to give the average scattering 
in the forward direction! 
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Or Z ZTT j (l- sin 6) or (6) sin 6 d 6 

o 

where or (Q) fc s the differential 
scattering cross-section defined above. 

Oyclotron 

Magnetic resonance accelerator, used in investigating atonic structures* 
P(d,D) reaction 

The nuclear reaction produced by bombarding deuterons with deuterons, 
producing high energy neutrons. 
P-D Source 

The above reaction used as a source of high energy neutrons* At Los 
Alamos, the Cockcrof t-Walton accelerator was principally u6od for this 
purpose • 
Deuterium 

Heavy hydrogen, or 1^, the hydrogen isotope of miss two, 
Deuteron 

A nucleus of deuterium or heavy hydrogen* 
Electron Volt 

An electron volt is the energy acquired by an electron falling through 

-12 

a potential of one volt* One electron volt, is about 1*6x10 ergs. In 
thermodynamic units, one electron volt corresponds to a temperature of 
about 12,000 degrees absolute* Thus a fortieth of a volt per particle 

corresponds to •roan temperature*. Energies of this order are oalled *thermal*. 

10 

One million electron volts corresponded to a temperature of 1*2x10 degrees 

absolute* 

Fission Spectrum 

The spectrum, or energy -distribution, of neutrons emitted in ths 
fission process* 
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Inelastio Scattering 

The scattering of neutrons in which energy is lost to excitation 
of target nuclei, 
Li(p # n) reaction 

The nuclear reaction in which neutrons are produced by bombardment 

of lithium by protcns. 
Neutron Number 

The number of neutrons emitted per fission. This number Is statis* 
tioally variable; the expression refers therefore to the average number 
per fission* 
(n, y ) reaction 

A nuclear reaction in which a neutron is captured by a nucleus, with 
subsequent emission of gamma radiation, 
PFTW 

Pentaerythritol tetranltrate* 

RDX 

Cyc 1 otr iae thy lene t r in i tram ine • 
Thermonuclear reaction 

A mass nuclear reaction induced by thermal agitation of the re&ctant 
nuclei* The reaction is self-sustaining if the energy release Is suf- 
ficient to counter balance the energy losses that may be involved* 
Tamper 

A neutron reflector plaoed around a mass of fissionable material to 
decrease the neutron loss rate* 
Taylor Instability 

A hydrodynamical principle which states that when a light material 
pushes against e. heavy one. the interface between them is unstable, and 
that when a heavy material pushes against a light one, the interface is 



Tritium 

The hydrogen isotope of mass three. This isotope was discovered 
in the Cavendish Laboratory by Oliphant in 193U» It was there produced 
by deuterium -deuterium bombardment. Tritium is a radioactive gas with 
a ha If -life of about twenty years, and therefore does not occur in nature, 
Triton 

A nucleus of tritium. 
Thermal Neutrons 

Neutrons of thermal energy - see Electron Volt . 
T-D reaction 

The nuclear reaction of tritons with deuterons. 
Torpex 

A os. st able explosive mixture of RDX V TNT and aluminum* 
Van deQraaff Generator 

An accelerator using the electrostatic charge collected on a mechan- 
ically driven belt to obtain a high potential. 
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importance in tamper, 4.13 
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Initiation points, implosion bomb, 
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Initiator, 1.43, 4.47, 7.4C, 15.41ff. 
chemistry of, 8.60ff. 
design, contribution of Bohr, 2.7 
design, contribution of Taylor, 2.9 
de ve 1 opme nt , 15 . 19 
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neutron background measurement, 
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Initiator Committee, 9.11 
Initiator Group, G Division, 9.11, 
. 15.41Xf . v 

cooperation with Miscellaneous 

Metallurgy Group, 17.34 
electric method, 15*39 
Inspection, (see testing) 
Instrumentation 
developments in Experimental 

Physics, 6.82 
early program of, 1.70 
proving gun, 7*25ff. 
Instrumentation Group, Ordnance 
Engineering Division, 7#36, 7.44, 
7.70 

Instruments, monitoring, 3.98 
Insurance, 3.68, 9.19 
Integral experiments 

early program of, 1.67ff, 
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explanation of, 1.58 

miscellaneous, U?.24ff* 

multiplication, 10.20, 12.18ff. 

Research Division, 12.2 

water boiler, 4.54, 6.57ff» 
Integral scattering experiments, 12.36 

hydride bomb, 6.56 
Intelligence officer, 3.33ff. 

supervision of Special Engineer 
Detachment, 3.54 
Interaction jets, X-ray study, 15,19 
Interim Committee, 20.1 
Intermediate Scheduling Conference, 

9.5ff. 
Inventions, 3.127ff. 

Inventory, 9*24 . . OOB 
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Investment casting, 17.12 
Inyokern, (see Camel) 

Ion chamber data on energy of neutrons, 

Stanford, 6.25 
Ionization chambers 

RaLa, 15.31, 15.34 

Trinity, 18. 29. 2. a. and 5.«. 
Iowa State College of Agriculture 

and Mechanical Arts 

cerium metal refractories, •? 

crucibles, 17.36 

purification research, 3.14, 

uranium hydride, 8.19 
Iron determination, 8.76, 8*87 
Isolation, policy of, 1.7ff. 
Isotope analysis, 6.79ff., 12.27 
Isotopes (see also specific elements) 

barium, radio-, 8.12, 15.31, 17.52 

boron 10, 4.39ff., 8.47, 13*30, rV'*7 

deuterium, 1.48, 13.6ff., 13.3-:/. 

helium 3, 5.57 

lanthanum, radio-, 8.12, 8.70ff., 12.28 

15*31, 17.52 
htptunium, 12.14. 

Plutonium. 240, 4.48f f . , 6.23, 7.29, £.11, 

10.6, L2.5, 12.27 
tritium, 5.56ff., I3.6ff., IJ«3<*ff* 
uranium 233, 12.4, 12.13, 12. 26, 13.48 
uranium 239, 1.30 
Iwo Jinn, 19.9, 19.14 

Jets, 7.76, 16.10 

early problems of implosion, 4.29ff* 
implosive, 10.7ff., l6.14ff. 
investigation of, 16.13 
theory of, contributions of Taylor, 
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Joliot effect, spontaneous neutron 
emission, 4.50, 6.20, 8.60 

Jornada del Muerto, 15.3 

Jornada del Muerto Site, (see 
Trinity Site) 

Jumbino, 16.56, 17.8 

Jumbo, 7.74ff., I6.53ff., 18.2, 18.9 
tower, 18.26 

K site, 15.27 

K-25 diffusion plant, safety 

calculations, 13.34 
Kewaunee Manufacturing Company, 17.80 
Kingman (see iYendover] 
Kirtland Field, 9.13 

Laboratory relations with U. S. 

Engineers, 3.l7ff. 
laboratory shop, (see V shop) 
Lead azide (detonators), 15.50 
Lens program, 7.77ff., 10.10, 10.15, 

11.13ff., lo.20ff. 

molds, 7.55, 10.15ff., 16.25, 
16.61 

3 site production, l6.42ff. 
Lens shots, compression studies, 
A5^29 

'"Liaison, /H2ff., 9.14ff, 
Air Forces, 7.44, 7-30ff • 
Alberta Project, 19.7 
Chemistry and Metallurgy Division, 
3.4ff . 

Explosives Division, 16.7 
recommended by Reviewing Conmittee, 
1.84 

University of Michigan, 7.45 
Library, Los Alamos, 3.32ff. 
Little 'Boy, 7.88, 14.3ff., 19.2ff., 

19. 7» (see also gun assembly) 

ballistics, 1^.20 

tests, Tinian, 19.14 
Liverpool, (see British) 
Log of Comdr. Ashworth, 19.20 

of Captain Parsons, 19.17 
Los Alamos, (see also 3ite Y) 
Los Alamos Canyon, V/ater boiler site, 

6.64 

Los Alamos conferences, April, 1 # 26 

Los Alamos Project offices, 1.25 

Los Alamos Ranch School, 1.6 

Los Alamos Technical Series, 20.2 

Los Alamos University, 20.1 

Low energy fission spectrum 

measurements , 12 . 10 
Low power Water Boiler, 17.47 



Machine shops, (see shops) 
Machining explosives, 16.31, 16.45 
Magnesia, 17.24, 17.35 

crucibles, 17.11 

liner, 17.10 

molds, 17.12 
Magnesium oxide impurities, 17.66 
"Magnetic Method", 7.70 
Magnetic Method Group, G Division, 

15.20ff . 

Maintenance Group, Tech Area, 3 .119 
Manhattan District 

construction, 3 .117 

draft deferment, 3.44ff . 

DSM transfer to, 1.7 

selection of site, 1.8 
Manhattan District Master Policies, 

1,2,3, 3.68 
Manhattan District Medical Section, 9.33 
Manpower shortage 

S Site, 16.51 

Trinity, 18.6, 18.13 
Manufacture, explosives, (see 

Production, explosives) 
Maps, Trinity, 18.4 
Martin Nebraska plant, 19.2 
Mass spectrographs method, isotopic 

analysis, 6.79ff., 12.27 
Massachusetts Institute of Technology 

crucibles, 17»36 

liners, 17. 10 

research on refractories, 8.9ff ♦ 
McDonald's ranch house, Trinity, 18 # 20 
McKee, R. E., contractor, 3.121 
"mechanical chemist", 4.47, #.70 
Medical officer, Trinity, 18.24 
Metabolism of Plutonium, (see hazard 

of plutonium) 
Metallurgical laboratory, 1.1, 9.20, 

(see also University of Chicago) 

purification research, 8.4 

spectrochemical methods, 4.26 
Metallurgy, 1.75, 4.18ff., 8.3, 17.31ff., 

(see also micro-metallurgy) 

of plutonium, 4-36, 17.24ff. 

of uranium, 4.34, 8.19ff. 
Metallurgy groups, 7.33 
Meteorology, Trinity, 18.17 
Michigan, (see University of Michigan) 
Micro-chemical investigation plutonium, 

4.44 

Micro-metallurgy of plutonium, 1.53 
Microtorsion balance, 17.59 
Migration of polonium, 17.40ff . 
Military Intelligence, Trinity, 18.15 
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Military organization 

of Los Alamos Project, 1.10 

of Alberta Project, 19.7 
Military personnel, 3«47ff 

S site, 16.34 
Minnesota, (see University of 

Minnesota) 
Miscellaneous Metallurgy Group, 

Chemistry and Metallurgy Division, 
8.46ff., 17.10, 17.31** 

Graphite Shop, 3.102 
Mitchell cameras, Trinity, 18.29.4. 
Mock boobs, 19. Iff 
Mock-fis3ion source, 12.10ff., 17.46 
'design of, 6.28 

multiplication experiment, 12.18 
Mock up, gun assembly, 12.24 
Mc^^-ofUtagfc j_l%x2££ 
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TZoffett Wind Tunnel, 7.37 
Mold Design, Engineering Service 
and Consulting Group, X Division, 
(see Engineering Service Group) 
Mold Design Section, 7.55 
Mold development, 16.61 
Molds Committee, 7.55 
Molds, lens, 9.10, 16.25 
Molybdenum, determination, 8.76, 8.69 
Monitoring and Decontamination Section, 
Chemistry and Metallurgy Service 
Group, 9.32 
Monitoring equipment, 3.98, 9.31 
Monitoring personnel, safety, 17»23 
Monitoring system,. ID. 23 
w Monoe rg ic neut rons, 6.33 . 6.36 
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Monsanto Chemical Company, (also 
Monsanto laboratories), 4.47, 7.41, 
8.4, 8.6, 17.40ff 

Montreal Project, 5»9 

Moore School of Engineering, 

calculations on super initiation, 

13.15 

Morgan, J. E. Company, 3»121 
MP rtftt^ehment , Trinity f 18 T 5 
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Multi-point primacord shots, Rala, 
15*33 

Muroc Airbase, 7«44, 7.34ff 

Nagasaki, 19.20 

Nagasaki hemispheres, 17.30 

Nagasaki and Hiroshima damage, compared 

with super, 23.23ff 
National Defense Research Council 

Office, liaison service, 3.16 



National Roster of Scientific and 

Technical Personnel, 3.46 
Natural sources, standardized by 

D-D subgroup, 6.78 
Naval Air Depot, McAlester,' 19.7 
Naval Gun design section, 7.21 
Naval Gun Factory, 4.15, 7.5, 7.10, 

7.22, 7.27, 34.15 
Naval Mine Depot, Yorktown,. 19.7 
Naval Ordnance Plant, 14.15 
Naval Ordnance Testing Station, 

Inyokern, 19.7 
Navy Bureau of Ordnance, 7.21 
Navy Liaison, 7.5, 7.10 
Navy Proving Ground, 7.10, 7.24 
Neptuniura-237 fission cross section, 

12.14 

Neutron absorbers, use in autocatalytic 
assembly, 13.30 
absorbing layer, 15.14 
and gajima rays from super, effects of, 

13.26 
assay, 12.27 

method of isotopic analysis, 6.79ff 
background 

cause of detonation, 1.39 

of initiators, 12.28 

tolerance, polonium, 17*39 
. bursts, 15.7ff 
cosmic ray, effect on U-235, 6.22 
count, plutonium, 17.16 
counters, 8.61 
delayed emission, 1.64 
delayed, measurement of, 4.3 
diffusion, 4.U, 5.M*f 
emission time after fission 

measurement, 6.9ff 
energy spectrum of fission, 6.25ff 
flux, absolute measurement of, 6.33ff : 
initiators, (see initiators) 
irradiations from Water Boiler, 13.50 
measurements, 15.9, 18.2 (Trinity) 
monoergic, production of, 6.33ff 
multiplication experiments , 12.1.8ff 
multiplication rate as function of 

mass, 12.25 
multiplication studies, 17.27 
multiplication Trinity measurement, ^ 

18.29 

neutron-number measurements of , L60ff . 

4.2, 6.12ff., 1C.20, 12.3ff 
radioactivity induced by, measured, 

6.43 

sources, 17.46, 17.57 
spectroscopy, comparative study of 
methods, 6.27 
Neutron reactor, enriched uranium-water 
modulated, (see V/ater Boiler) 



New Mexico, (see University of New 
Mexico) 

New Mexico State Director of 

Selective Service, 3.44 
New Mexico Statutory Workmen's 

Compensation, 3 .63 
New York, (see Columbia) 
New Tork Purchasing Office, 3«73, 
r 9.27 

, ~ ; 

Nitrogen-nitrogen reaction in 

atmosphere, 1.49 
Non-l«ae implosion studies, 9.16, 

I6.9ff. 

NOTS Inybkern, 19.7 
Nuclear efficiency, Trinity, 18.2 
Nuclear experiments, early, 4.12ff . 
Nuclear explosion, 13.33 

damage of, 5.67ff. 

experimental, 18. Iff. 

formation of chemical compounds 
in air, 13.35 

predictions, contributions of 
Taylor, 2.9 

radiation effects on, 5#43ff • 
Nuclear measurement, energy release, 

18.29.2. 
Nuclear reactions 

cause detonation, 1.39 

controlled, 15.8 
Nuclear specifications for bomb, 4«4ff. 

0 Division, (see Ordnance Division) 
Oak Ridge, 3.14ff., £.12, (see also 

Y-12 plant) 

personnel, 9*20 
Observation points, Trinity, 18.25 
Occupation Groups', App. Graph 4 
Office of Director, construction, 

3.12, 9.17 
Office of Scientific Research and 

Development 

DSM transfer from, 1.7 

letter of intent, 1.11 

patent headquarters, 3.12$ 

patent procedure, 3*123 

salary scale, 3*37 
Officer, Alberta Project, 19.5 
Ohio State University, 5.60 

storing liquid deuterium, 2.97ff. 
Omega, ;Vater Bailer Site, 6.64, 15.4 
Operating procedures, DP, l?.73ff. 
Optical method, blast measurement, 

Trinity, 18.29.3.*. (3) 
Optics Group, G u i vision, (see 

Photography -nd Optics Group) 



Optics shop, 3.105 
Ordnance, recommendations of 

Reviewing Committee, 1.88 
Ordnance Division, 5.3, 5.17ff., 5.73, 

7.1ff., 9.2ff., lC.2ff., u.iff. 

Procurement section, 9.25 

X-raying charges, 15.15 
Ordnance Instrumentation Group, 7.70, 

7*74 

Ordnance liaisons, 7.10ff. 
Ordnance program, 1.77| 1.62 
Ordnance Shop, (see C Shop) 
Organization of Laboratory, 3.1f^.> (see 

also group organisation) 
Organization of Site Y, l.lOff. 
Oscillograph, high speed, Trinity, 

18. 29. I.e. 

Oscillographic tests, detonators, 15.54 
Outer case design frozen, 14.3 
Output of plutonium, 17.19 
Overcasting 

HE, I6.30ff. 

lenses, 16.1*5 
Overseas operating base, 19.4 
Overseas operations, 19.9 
Oxalate precipitation, 17.19 
Oxide method 

fluoride production, 17.21 

plutonium reduction, £.42 
Oxygen micro-determination by gasometric 

analysis, 8.76, 8.92ff. 

P Site, 15.17 

Pajarito Canyon Site, 6.19, 12.7, 15.21 
Paraffin sphere, use in autocatalytic 

assembly, 13.30 
Patent agreements, 3*126 

cases, 3«127f*. 

notebooks, 3.85, '3.126 

office, 3.123ff. 

Officer, 3.123 
Payroll records, 3.6lff. 
Peace negotiations, 19.22 
Peak pressure measurements, Trinity, 

13.29.3. a. (4) 
Pentolite, 16.27, 16.36 

Permanent earth displacement measurement, 

Trinity, 18.29.3.b. (3) 
Personnel Administration, 3.22ff., 9.20ff. 

clearance, 3.33 

Director, 3.23, 3.57ff. 

distribution in divisions, App. 
Graph 5, 6 
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employee;., construction, 3«H8ff. 
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overseas, IV. 10 
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detonators, 15132ft. 
Phases of plutonium, 17.24ff . 
Phosphate method, 17.53 
Phosphorous determination, 8.76, 8.85 
Photoelectric method as proving 

technique, 7*25 
Photographic and Optics Group, G 

Division, 15.56ff. 
Photographic emulsion technique, 

fission spectrum measurements, 12.9 
Photographic method as proving 

technique, 7*25 
Photographic neutron energy 

measurements, Liverpool, 6.25ff. 
Photographic non-lens Implosion 

studies, 16*12 
Photographic observation, detonators, 

15.54 

Photographic plate exposure, X-ray 

experiments, 15 .IS 
Photographic Shop, 3.84, 3.101 
Photographic studies, Trinity, IB. 2, 

18.29.4. 
Photography, 15.56ff. 

of implosion, 4.28ff., 7.70ff. 
Photometric Assay, 8.76, 8.90, 

17.70 

Photometric measurements, Trinity, 
18.29.4. 

Physical properties of plutonium, 

8.37ff., 17.24ff. 
Pilot plant, Boron 10 separation, 4.39 
Pinhole cameras, Trinity, 18.29.4. 
Pin- loop magnetic method, 15.25 
Piston gauges, Trinity, 18.2^.3. a. (4) 
Pit assembly, 15.4, 15.13**. . 
Pit Assembly Group, Trinity, 18.22 
Piano, choice of, 7.81 
Plans for full scale test, 18.2 
Plutonium, (see alao Plutonium 240) 

accident, 3.97 

alpha phase, 8.38, 8.45* 11.19, 

17.24ff. 
analysis, 8.76ff., 17.60ff. 
assay, 17.70 

beta phase, 8.38, 8.45, 17.26ff . , 

17.63 
bomb, l£>.5ff. 
branching ratio, 6.4 6ff. 
chemistry, of, 1.87, 8.7 
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U-235, 6.12, 6.15 
comparison with radium, 3*94 
delayed neutron and gamma ray 
emission, 13.49 

J> $ fast modulation experiment, 12.25 
first critical assembly, 15.12 
fission cross sections, 4.12, 6.31, 
12.12 

gallium alloys, 17.69 
gun, 4.14, 4.53, 6.24 
hazard, 3.94ff., 9.30 
isotopic analysis, 6.81 
metallurgy, 4.36ff., 8.36ff., 17.24ff. 
micro-metallurgy, 1,53 
multiplication experiments, 12.18ff. 
physical properties, 8.37ff. 
poisoning, 4.44ff. 
processing, 17.74 
produced by chain reaction, 1.30 
production, 1.61, 4.2, 17.72ff. 
projectile specifications, 7.18 
purification, 4.44ff., 8.11, 8.26ff., 

ID. 22, App. 5, 17.l6ff. 
purity requirements for gun assembly, 
1.43 

receipts Clinton and Hanford, App. 
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recovery, 8.34ff. 
reduction, 8.39 
reduction, bomb method, 8.8 
spontaneous fission rates, 6.23, 9;1, 

12.8 
sulfide, 17.68 

thermal scattering cross section, 13.48 
toxicity, 10.23 
uranium as stand in for, 8.16 
use of, 7.77 
Plutonium Chemistry Group, RaLa, 17.55 
Plutonium Purification Group, CW, 17.l6ff. 
Plutonium Recovery Group, 9.32 
Plutonium 240, (see also Plutonium) 10.6 * 
content measured, 12.27 
discovery of, 4.48ff., 7.29, 8.11 
first observation, 6.23 
neutron number measurement , 12.5 
PMR unit, 14.19 
Poisoning, HE, 3.99 
Polonium, 10.18, 17.38ff. 
development, 7.41 
extraction of, 3.6 
hazard, 9.32 

initiators, 4.47, 3.60,' 10.22, 11.13, 
15.43 



Joliot effect, 6,20 
processing, 17.73ff. 
purification, 4*47 
toxicity, 10.23 

used in mock fission sources, 12,11 
Polonium Group, CM Division, 17.74 
Portable ionization chambers, Trinity, 

18. 29. 5. b. 
Post detonation, 1.43 
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3*121 

Poet Supply Section, 3*74 
Post-shot radiation measurements, 

Trinity, 13.29. 5. 
Powder metallurgy, 4.3$ 
Powder Metallurgy Group, water boiler 

specifications, 6.65 
Power consumption, 9.19 
Preassembly, HE, 15.13 
Predetonation, 1.40, 5.48ff., U«25, 

12.24, 15.14 
Preliminary experiments to prove 

feasibility of boob, 6.8ff. 
Preparations, Trinity, 18 # 13ff« 
Pre s cot t micro-gas analyzer, 8.94 
President's Interim Conrdttee, 20«1 
Pressing, (see also hot pressing) 

HE, 16.27 

uranium, 17.12 
Pressure switch, gun, 14.18 
Primacord 

detonation, 10.10, 10.15, l6.15ff. 

systems, Rala, 10.13, 15.33 
Primary explosives, 15.50ff. 
Prime Contractor, University of 

California, 1.11 
Priorities 

construction, 3.122 

procurement, 3.75 

shops, 3.112 
Priority, implosion, change in, 4»21 
Procurement 

early difficulties, 1.16 

of guns, 7.20ff. 

of lens molds, 16.25, 16.61 
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Chicago, 8.9 

of refractories, 8.9ff. 
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Committee, 1.91 
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Procurement Gra>:p, Ordnance Division, 
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irocureawnt Office, 1.12, 3.*W., 
3.30, 9.23Xf., A t r. Grar> ? 
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procurement office) 
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electronic switch, 16.59 

explosives, I6.27ff., 16.34ff. 
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of isotopes, 3ee isotopes 

Plutonium, 17.72ff. 

radiobariura, radiolanthanum, 8.12 

schedules, Pu-239 and U-235, 1.53, 3.15 
Production casting, 16.50 
Project A, (see Alberta Project) 
Project Editor, 3.86 
Project Engineers, (see G Engineers) 
Project Office, 1.19, 1.25 
Project Technical Committee, Tinian, 19.13 
Project Trinity, (see Trinity) 
Project Y, selection of site, l # 6ff . 
Projectile Target and Source Group, 

Ordnance Engineering Division, 7.33, 7.36 
Promotion policy, enlisted personnel, 

3.52ff. 

Prompt Measurement Group, Trinity, 18.22 
Prompt neutrons, 15.7 
Prompt period, determination of, 6.70ff. 
Property Inventory Group, Procurement, 

3.80, 9.24 
Proving ground, 7.24, 15.42 
Proving around Group, 7.24, 7.38 
Proximity fuses, 7.82, 7.85 
"pumpkin" program, 14.20 
Purchase Requests, Procurement, App. 
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Local, 3.47 

Los Angeles, 1.12, 3.59, 3.73, 3.78, 
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New # Tark, 3.73 

Radiation laboratory, Berkeley, 3«72 
University of California, 1.91 
Purdue University sub-project, 1.4, 1*15, 
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Metallurgy Division, 8.13 
Purification Program 

Plutonium, 4.44ff., 17.16 

recommendations of Reviewing Committee, 
1.87 
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Purity analysis, 8.71ff. 
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Purity requirements, 
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i-u-239 -id U-.:35, 1.73 
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1 Fyroelectric-gallium-oxide method, 
8.76ff., 17.62 

Quadruple proportional counter, 17.57 
Quality control, explosives, 7.71, 

I6.27ff., 16.33 
Quartz piezo gauges, Trinity, 18.29.3. 
a.(l) 

R Division, (see Research Division) 
Radar devices, gun, 14.18ff. 
Radar study, Trinity, 18*29.4. 
Radiant energy, Trinity, 18. 29. 3. c 
Radiative capture, U-235 and Pu-239, 
4.12 

Radiation hazards, external, 9.34ff. 
Radiation effects in nuclear 

explosions, 5.43ff. 
Radiation loss, 13.9 
Radiation laboratory Purchasing 

Office, 3.72 
Radioactive poisoning, 13 #29 
Radioactivity Group, 8.60ff., 9.1 
capture cross section measurements, 

6.40, 12.26 
development of thin foils with 

Radiochemistry Group, 6.39 
fission cross section measurement, 
6.39 

fission process investigation, 6.77 

isotopic analysis,.6.79ff. 

measurement of neutron induced 
radioactivity, 6.43 

measurement of branching ratio, 6,45 

miscellaneous experiments, 12.27ff. 

neutron number measurement Plutonium 
240, 12.5 

spontaneous fission measurement, 
6.18ff., 9.1, 12.7ff. 

U-238 high energies, 6.46 
Radioactivity, Rala, 17.51 
Radio altimeters, 7.46 
Radio assay, 5.76, £.90, 17.71 
Radiobarium, 8.12, 15.31, 17.52 
Radiochemistry Group, 4.47, 8.55ff., 

17.37ff. 

construction of mock fission 

sources, 12.11 
construction of radon plant, 6.21 
counters, 17.57 

initiators, 7.41, 14.12, 15.46ff. 
Rala, 17.55 

uranium purification, 8.18 
water boiler, 6*65, 17#47ff. 



Radiochernistry program, 1.74 
Radio Corporation of America, 7.46 
Radiographic examination of tamper, 15.15 
Radiographic studies, Rala, 15.31ff* 
Radio informer tests, 14.19 
Radiolanthanum, 8.12, 8.70, 15.31, 17.52, 
(see also Rala) 

investigation of gamma radiation, 12.28 
Radio proximity fuses, 7.13, 7.45 
Radium, compared with plutonium as poison, 

3.94 

Radon in initiators, 4.47, 8.60 
Radon-beryllium source, used in neutron 

number measurements, 6.16 
Radon plant, 4.50, 6.21 
Rala, 5.73, 10.22/ 17. 51ff. 

Chemistry Building, 17.3 

health hazards, 9.34 

program, 15. 3 Iff. 

use of, 7.74, 15.24 
Rala Group, CU Division, 17.5ff., 17.55 
Rala Group, G Division, 10.13, 15.3HT- 

measurement of multiplication rate, 
U2.25 

Ratio of neutron numbers of U-235 and 
Pu-239 

by Cyclotron Group, 6.14ff . - 
by Electrostatic Generator Group, 
6.12ff. 

Ratio of radiative capture of fission, 

(see branching ratio) 
Raytheon Company, 16.59 
Reactor, controlled, (see 'Water Boiler) 
Reagents, high purity, procurement of, 8.8 
Receipt for active material, Trinity, 

18.21 

Recorder, mechanical, 6.83ff* 
Recording of betatron, cloud chamber, 
15.26 

Records Group, Procurement, 3.80 
Recovery Group, Chemistry and Metallurgy 
Division 

continuous extraction apparatus, 17.7 
ether extraction method, 17.43 
Rala, 17.55 

test shot recovery, (of active muter!? h>) 
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